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INTRODUCTION 
A person who understands the concept of conservation is classified as 
a conserver. He considers it a logical necessity for certain empirical 
factors of an object (such as mass, weight, and volume) to retain the same 
magnitude across reversible physical transformations (such as pouring, 
reshaping, and rearranging). More specifically, a person is said to have 
assimilated the conservation of weight concept if he recognizes that the 
weight of an object remains constant even though the shape or the position 
of the object may have been altered in such a way as to give the appearance 
of change in weight. 
The initial research concerning the concept of conservation was con­
ducted by Jean Piaget (Piaget and Inhelder, 1962). The conservation con­
cept plays an important role in Piaget's theory of cognitive development in 
that the test situations based on the concept provide a means for observing 
the cognitive restructuring leading to the concrete operational state of 
cognitive development. In the classical test approaches (Piaget and 
Inhelder, 1962) designed to assess an individual's understanding of the 
- conservation concept, the subject is first presented with two identical 
objects. After the subject agrees to the quantitative equality of the two 
objects, the shape of one of the objects is altered. The subject is then 
asked to comment on the equality of the two objects with regard to a spe­
cific empirical factor. In the classical test approaches, the nonconserver 
reaches the conclusion of inequality as a result of the differences per­
ceived in the visual appearance of the objects (Piaget and Inhelder, 1962). 
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A slight variation of the test approach used by Piaget was suggested 
to the investigator by the following conversation between two preschool 
boys; 
1st Boy; "Here, hold this brick, it weighs a ton." 
2nd Boy: (Holding the brick with both hands) "No, it doesn't." 
1st Boy: "If you hold it like this (with one hand), then it does." 
This conversation suggests that in the course of developing the conservation 
of weight concept, children believe that the weight of an object changes 
with a change in the apparent amount of energy it takes to hold that object. 
In this conversation, the child appears to be basing his decision on kines­
thetic cues. 
Conservation of weight has been observed in a variety of situations 
(Elkind, 1961a; Lovell and Ogilvie, 1961a; Piaget and Inhelder, 1962; 
Uzgiris, 1964) as will be discussed in the next chapter. But it appears 
that the development of the conservation of weight concept has not been 
observed with test situations based on kinesthetic cues. Of considerable 
interest would be research designed to determine if altering the conditions 
of the test situation, so that it is based on changes in kinesthetic cues 
rather than visual cues, results in the observance of a significantly dif­
ferent pattern of concept development. 
Indirect support for the hypothesis that a variation in the develop­
ment pattern of the conservation of weight concept will be noted when the 
mode of perception is altered, from visual perception to kinesthetic per­
ception, is found in studies reporting developmental variation within the 
concept of conservation (Elkind, 1961a; Lovell and Ogilvie, 1961a; 
Smedslund, 1961; Piaget and Inhelder, 1962; Uzgiris, 1964; Goldschmid, 1967; 
Elkind, 1967; Hall and Kingsley, 1968). 
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Developmental studies investigating the growth of understanding of the 
conservation concept have found that the rate of concept development varies 
with the empirical factor under investigation (Elkind, 1961a; Lovell and 
Ogilvie, 1961a; Smedslund, 1961; Piaget and Inhelder, 1962; Uzgiris, 1964; 
Goldschmid, 1967). Of the most frequently studied empirical factors, it is 
noted that the conservation of substance concept develops prior to the con­
servation of weight concept which in turn precedes the conservation of vol­
ume concept. Additional variations have been found within the conservation 
of weight concept. The observed rate of development has been reported to 
vary with alterations in the testing material (Uzgiris, 1964), the trans­
formations (Lovell and Ogilvie, 1961a; Piaget and Inhelder, 1962), and the 
interview procedure (Hall and Kingsley, 1968) used in the test situation. 
Another variation in the concept of conservation has been proposed by 
Elkind (1967). Elkind has identified a form of conservation (identity con­
servation) which he contends is distinguishable from the form of conserva­
tion on which Piaget's studies (Piaget and Inhelder, 1962) are based. 
Elkind (1967) refers to the form of conservation used by Piaget as equiva­
lence conservation. In equivalence conservation approach test situations, 
it is necessary for the individual to use the mental operation of tran­
sitivity. The need for transitivity is observed, in the test situations, 
when the subject is expected to determine that the two objects retain quan­
titative equality even though the shape of one of the objects has been 
altered. In making this decision, the subject uses the knowledge that the 
objects were equal prior to the reversible transformation, and as the empir­
ical factor of the transformed object was not altered by the transformation, 
the objects are still quantitatively equal. 
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In the identity conservation approach test situations as described by 
lilkind (1967), the mental operation of transitivity is not used. The sub­
ject is asked to comment on the stability of an empirical factor as it 
appears in one object before and after a reversible transformation. The 
subject is not requested to make an additional comparison between the trans­
formed object and an unaltered object as is required in the equivalence 
conservation approach test situation. According to Elkind (1967), the sim­
plification of the conservation concept due to the absence of the transi­
tivity mental operation should result in the formation of the identity form 
of conservation prior to the formation of the equivalence form of conserva­
tion. In the identity conservation approach test situation, as in the 
equivalence conservation approach test situation, the transformation per­
formed on the objects result in altered visual cues. 
The variation hypothesized by Elkind (1967) is of particular impor­
tance to an investigation in which the test situation designed to determine 
the significance of kinesthetic cues might be based on a model similar to 
the test situation used to assess the identity form of conservation. Pre­
vious studies of conservation of weight are based on the equivalence form 
of conservation, and at the present time, the distinction between identity 
conservation of weight and equivalence conservation of weight has not been 
established. 
As evidenced in the variations referred to above, the concept of con­
servation is not a simple concept but rather contains many variables was 
emphasized by Lovell (1965) when he stated at the conclusion of a study on 
the development of the conservation of weight concept: 
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The tests simply showed up those who conserved in a particular 
kind of experiment using a particular medium. With a change of 
medium and circumstances the percentage of children at the vari­
ous stages who conserve may well change (Lovell, 1965, p. 302). 
The purpose of the present investigation is to study the influence of 
variations in the conservation form and perceptual modality on the levels 
of understanding expressed by the subjects and to determine if these varia­
tions result in a significantly different observed rate of development of 
the conservation of weight concept. Equivalence and identity are the two 
forms of conservation to be studied. The perceptual modalities included in 
the study are visual and kinesthetic. The influence of the identity form 
of conservation is observed with both the visual and kinesthetic modali­
ties. The influence of the equivalence form of conservation is observed 
with the visual perceptual modality. 
In this study, the test situation using the identity form of conserva­
tion and the visual mode of perception is referred to as the identity con­
servation approach test. The test situation using the identity form of 
conservation and the kinesthetic mode of perception is the kinesthetic con­
servation approach test. The equivalence conservation approach test is 
based on the equivalence form of conservation and the visual mode of per­
ception. 
The null hypotheses to be tested are; 
1) There is no significant difference between the performance trends 
observed with the equivalence conservation approach test and with 
the identity conservation approach test. 
6 
2) There is no significant difference between the performance trends 
observed with the kinesthetic conservation approach test and with 
the equivalence conservation approach test. 
3) There is no significant difference between the performance trends 
observed with the kinesthetic conservation approach test and with 
the identity conservation approach test. 
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REVIEW OF LITERATURE 
The purpose of this review of literature is to present a general back­
ground pertinent to the investigation of the influence of three conserva­
tion approaches (equivalence, identity, and kinesthetic) on the observed 
rate of development of the conservation of weight concept. The review of 
literature has been divided into two major sections. The first section is 
concerned with the conservation theories proposed by Jean Piaget (Piaget 
and Inhelder, 1962) and David Elkind (1967). Studies investigating varia­
tions within the concept of conservation are presented and discussed in the 
second major section. 
Theoretical Background 
Piaget's theoretical position 
According to Piaget and Inhelder (1962), an individual can be said to 
have a "true" understanding of the conservation concept if he is able to 
conserve quantity in the presence of conflict between the perceptual illu­
sion of inequality and the logical knowledge of equality plus support his 
conserving response with an explanation indicating logical necessity 
because of identity, reversibility, or equation of differences. When 
assessing an individual's understanding of the conservation of quantity con­
cepts, Piaget (Piaget and Inhelder, 1962) uses a procedure similar to the 
following test situation. The subject is presented with a variable stimu­
lus and a standard stimulus. The two stimuli are preceptually and quanti­
tatively equivalent. The subject is asked to confirm the quantitative 
equality of the stimuli. After the subject agrees to the quantitative 
equality, the experimenter alters the shape of the variable stimulus result­
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ing in a disruption of the perceptual equality of the two stimuli but not 
the quantitative equality. Having observed the transformation, the subject 
is then asked to make a judgment concerning the quantitative relationship 
of the standard and the transformed variable stimuli and to provide an 
explanation supporting his statement. 
Piaget (1964) describes the general development of the cognitive 
structures essential for conservation as a four-step equilibrium process. 
At Step One, the individual focuses on only one dimension of the situation 
(such as length) and bases his nonconserving statements on the changes he 
perceives in that single dimension. After centering on the one dimension 
for a period of time, the subject eventually shifts his attention to 
another dimension (such as width) which brings him to Step Two. During 
this step, the subject bases his nonconserving statements on perceptual 
changes as in Step One, only now responding to the changes in a different 
dimension. In Steps One and Two, the subject is unable to give a conserv­
ing statement because he considers change in only one dimension at a time. 
In Step Three, hesitation and conflict are evidenced as the subject begins 
the conceptual coordination of the dimensions (such as length and width). 
Subjects at this step may be able to conserve when moderate transformations 
are conducted. When the perceptual disparity increases to the degree that 
one dimension is greater than three times the other or if the stimulus is . 
divided into small pieces, subjects revert to thinking that the magnitude of 
the quantity has been altered (Hunt, 1961). The conceptual coordination of 
dimensions extends into Step Four where the subject focuses on transforma­
tions rather than individual stages and notes that a change in one dimen­
sion is compensated for by an inverse change in the other dimension. 
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While the development of the concept of conservation follows the gen­
eral r<)iir-atL'[> cquilihrium process doscrihcd above, tlic rate of development 
varies from one empirical factor to another (Piaget and Inhelder, 1962/. 
The rate of development is dependent on the level of abstraction or 
obstacles contained in the empirical factor. The conservation of weight 
concept develops at a slower rate than conservation of substance because of 
an obstacle referred to as the initial egocentricism of the notion of 
weight (Piaget and Inhelder, 1962). 
In the initial stages of development of the conservation of weight 
concept, children believe that the weight of an object changes when the 
shape of the object is altered, even after they have accepted the concept 
of conservation of substance. Children reach the conclusion that weight 
changes with changes in shape from subjective interpretations of sensory 
experiences in which they note that a quantity of material appears to be of 
a different weight if it is dispersed over the supporting hand rather than 
limited to a small area. In nonconserving responses, the child projects 
his sensory impressions to the balance, expecting the balance to respond to 
the object in a similar manner. To the child, weight is a changeable force 
or press rather than a constant factor of the object. The "egocentric" 
obstacle delaying conservation is overcome as the child recognizes the sub­
jective character of his responses, begins to consider weight a function of 
the object, and reduces his dependency on perceptual intuition. 
Piaget and Inhelder (1969) attribute the success of the equilibrium 
process resulting in conservation to four major factors: 1) maturation 
of the nervous system, 2) experience resulting from firsthand manipula­
tion of objects, 3) social interaction and transmission, and 4) heredity. 
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Conservation is an important concept in Piaget's theory of developmen­
tal stages. The presence of conservation provides evidence of many of the 
developments in the mental operations which differentiate the preoperational 
stage from the concrete operational stage. A look at the characteristic 
thought processes evidenced at these two stages may help clarify the mental 
opérations necessary for assimilating the concept of conservation. 
In general, children at the preoperational stage, approximately two to 
seven years of age (Piaget, 1968a), are nonconservers. The thought proces­
ses present at this stage are described as having a tendency for centration 
and for being static, irreversible, egocentric, and qualitative. Centra­
tion is evidenced at this stage in that the individual "tends to focus on 
one dimension of a situation, fails to make use of another, equally rele­
vant dimension and therefore cannot appreciate the relations between the 
two" (Ginsburg and Opper, 1969, p. 166). As pointed out by Piaget (1952), 
"the child behaves as though he had no idea of a multi-dimensional quantity 
and could only reason with respect to one dimension at a time without coor­
dinating it with others" (Piaget, 1952, p. 10). 
When children at the preoperational stage observe dynamic situations, 
they are likely to explain the events "in terms of the characteristics of 
their configurations at a given moment rather than in terms of the changes 
leading from one situation to another " (Inhelder and Piaget, 1958, p. 246). 
This static approach results in a lack of comprehension of the transforma­
tion processes involved and an inability to utilize the inherent clues 
needed in making comparisons between the original and transformed states of 
the stimulus. The static property of preoperational thought makes it more 
difficult for the child to "adequately link a whole set of successive condi-
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tiohs into an integrated totality by taking account of the transformations 
which unify them and render them logically coherent" (Flavell, 1963, 
p. 157). 
Irreversibility is noted in the preoperational child's inability to 
reverse the direction of his line of reasoning in an orderly manner. As a 
result, the child has difficulty retracing his mental precedings to the 
original starting position and is unable to mentally reverse physical trans­
formations that he has observed. 
Children at this stage are egocentric in that they consider only their 
point of view and have difficulty judging how a situation would look from 
another observation point or even realizing that a different view could be 
observed. This inability to anticipate and utilize varying viewpoints 
"precludes the formation of the co-operative social functions which are 
Indispensible for logic to be formed" (Piaget, 1968b, p. 162). Another 
limitation of preoperational thought directly related to egocentricism is 
that the child does not see any necessity in justifying his reasoning to 
others nor can he place himself in the position of "other" to question his 
own logic. As a result, the child frequently contradicts himself. Contra­
diction in the conservation test situation is noted when the child first 
uses one factor of the object (such as length) to make his nonconserving 
decision and then a moment later uses another factor in the same object 
(such as width) to support a decision which is in direct opposition to the 
first decision. When faced with the contradition, the child fails to see 
the inconsistency, and it does not occur to him to question his previous 
assumptions (Piaget, 1952). 
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Identity at the preoperational level deals with simple qualitative 
invariants rather than quantitative composition. The preoperational child 
is able to recognize that the water is the same water (qualitative) even 
though he is unable to determine that the amount of water has not changed 
(quantitative). 
In this case, the invariant is obtained without quantitative com­
position; there is simply a dissociation between a permanent qual­
ity (the same water) and the variable qualities (the shape), but 
there is no composition of these variations (Piaget, 1968c, 
p. 19). 
The preoperational child fails tasks designed to assess the ability to con­
serve quantity because he believes that the quantity of the object changes 
as a result of changes in the shape of the objects. 
He has based his assertion on the static perceptual configura­
tion; he has perceived each state as a system individually 
instead of envisioning the situation in terms of a transformation 
which leaves the quantity constant (Inhelder and Piaget, 1958, 
p. 247). 
In contrast to the preoperational thought stage, the child at the con­
crete operational stage, approximately seven years to 11 years of age 
(Piaget, 1968a), "seems to have at his command a coherent and integrated 
system with which he organizes and manipulates the world around him" 
(Flavell, 1963, p. 165). Concrete operational thought has the general 
characteristics of decentration, awareness of change, reversibility, and 
structure. The child at this stage is able to give attention to more than 
one factor in a situation and is able to take into consideration a variety 
of factors when evaluating a situation. Further, he is now able to reverse 
his lines of reasoning and also mentally reverse operations he has observed. 
He is no longer concerned with only static conditions but now focuses on 
changes and forms images of the transformations. 
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The states are henceforth subordinated to the transformations, 
and these transformations, being decentered from the action of 
the subject, become reversible and account for the changes in the 
compensated variations and for the constant implied by reversi­
bility (Piaget and Inhelder, 1969, p. 98). 
Piaget (1968a) contends that the successful completion of conservation 
tasks at the concrete operational stage is not due solely to reversibility, 
identity, or equation of differences as these operations can be observed 
individually prior to evidence of the conservation concept. But rather, 
conservation is the result of an interlocking of these processes into an 
organized structure in which each process is dependent on the other. 
Structure is provided at the concrete operational stage through the 
presence of an organized and interrelated system of operational processes. 
These operations "are actions performed on objects to bring them together 
Into classes of various orders or to establish relations between them" 
(Inhelder and Piaget, 1958, p. 273). 
Piaget (1968b) illustrates the operations with eight mathematical 
groupings consisting of additive and multiple classifications. The first 
four groupings are of an additive order. Groupings one and three are con­
cerned with classes, while two and four are concerned with relations. The 
logical operations in the additive groupings include fitting classes 
together and serializing asymmetrical relations. These operations lead to 
"the discovery of transitivity which permits of the deductions; A = B, 
B = C, therefore, A = B; or A^B, B<C, therefore, A<C" (Piaget, 1968b, 
p. 143). Tlie second four groupings are based on multiplicative operations 
dealing with more than one system of classes (groupings five and seven) or 
relations (groupings six and eight) at a time. Grouping six, Bi-univocal 
Multiplicational Relations, requires the operations most directly related 
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to those observed in conservation test situations. This grouping illus­
trates the operations needed to "find all the relations obtained among 
objects serialized according to two sorts of relations at once" (Piaget, 
1968b, p. 45). The multiplication of two sets of relations results in the 
formation of a matrix in which systematic changes in one relation are 
recorded on the horizontal plane and changes in the second relation are 
recorded on the vertical plane. An understanding of the matrix table is 
important for assimilating the conservation concept, "that is, a body of 
liquid that is taller but narrower may have the same amount of liquid as 
one that is shorter but wider" (Baldwin, 1967, p. 261). 
The operations carried out at the concrete operational stage are 
labeled concrete because they relate directly to objects rather than to 
verbally stated hypotheses as is done at the stage of formal operations 
which begins at 11 or 12 years of age (Piaget, 1968b). As a result of not 
being completely disassociated from the object, the concrete operations are 
not freely generalized to other appropriate situations (Piaget, 1957). 
Evidence of this concreteness is seen in the varying rates at which the 
conservation concept develops depending on the empirical factor involved. 
Of the most frequently studied empirical factors, conservation of mass 
emerges first, conservation of weight next, and conservation of volume last. 
Tlie time lag in comprehension of conservation of weight and volume occurs 
because it is more difficult to apply operations to those properties which 
are harder to dissociate from one's own action than to those properties 
which can be more readily objectified (Inhelder and Piaget, 1958). 
In addition, children at the concrete operational stage are frequently 
able to perform the operations only when manipulating objects. 
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The operations that are involved here, then, are "concrete opera­
tions" and not yet formal ones, being constantly tied to action, 
they give it a logical structure, embracing also the speech accom­
panying it, but they by no means imply the possibility of con­
structing a logical discourse independent of action (Piaget, 
1968b, p, 146). 
Elkind's theoretical position 
Elkind (1967) contends that there are two forms of conservation con­
tained within the conservation test situations used by Piaget and Inhelder 
(1962) to assess a child's understanding of the conservation concept. The 
first form is equivalence conservation, the second is identity conserva­
tion. Equivalence conservation is concerned with the "child's knowledge of 
the invariance of a quantitative relation (of equality, inequality, etc.) 
across a reversible transformation of one of the elements of that relation" 
(Elkind, 1967, p. 17). This form of conservation is assessed directly in 
the conservation test situations employed by Piaget. 
The second form of conservation, identity conservation, is concerned 
with "the conservation of a given quantity across a reversible transforma­
tion and with respect to itself alone" (Elkind, 1967, p. 17). In the con­
servation test situations used by Piaget, the child's success with the 
identity form of conservation is not directly observed but instead only 
inferred as a result of the child's success with the equivalence form. 
In test situations designed to directly assess identity conservation, 
the subject is presented with an object and told to look at it. The inves­
tigator then alters the shape of the object by an action such as rolling, 
pounding, or stretching. After observing the transformation, the subject 
is asked to determine if the empirical factor under consideration was 
altered by the transformation. For example, the question is asked: "Does 
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the piece of clay now (after the transformation) weigh more, the same, or 
less than it did when I first showed it to you?" 
The identity conservation test situation differs from the equivalence 
conservation test situation in that the subject has only to conserve a 
quantity through a reversible transformation. In the equivalence conserva­
tion test situation, as reviewed earlier, the subject is asked to conserve 
a quantity through a reversible transformation plus make a comparison 
between the transformed object and an object representing the original 
shape of the transformed object. 
The difference between the two test situations is important in that 
different mental operations are needed for success in the two situations. 
The comparison between the transformed object and an object representing 
the original shape of the transformed object, as required in the equivalence 
conservation test situation, necessitates a deduction based on the mental 
operation of transitivity. Transitivity is not needed for success in iden­
tity conservation tests. 
Elkind (1967) cites indirect evidence to support his theory that the 
mental operation of transitivity develops at a later time than the other 
mental operations (equation of differences, identity, and reversibility) 
needed for identity and equivalence conservation. On the basis of the 
indirect evidence and some pilot work, Elkind concludes that "conservation 
of identity would seem to be a necessary but not a sufficient condition for 
the attainment of equivalence conservation" (Elkind, 1967, p. 17). 
Piaget (1968b) includes the mental operations needed for both the 
identity form of conservation and the equivalence form of conservation in 
the mathematical groupings which acquire stability during the concrete 
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operational stage and contends that the mental operations of transitity, 
compensation, reversibility, and identity appear at essentially the same 
time in the course of cognitive development for a specific empirical factor. 
According to Elkind (1967), Piaget assumes "that identity and equivalence 
conservation are simultaneous in time and that the age of equivalence con­
servation is also the age of identity conservation" (Elkind, 1967, p. 23). 
Related Studies 
I 
Identity conservation versus equivalence conservation 
In an investigation of the hypothesized distinction between identity 
conservation and equivalence conservation. Hooper (1969) designed six con­
servation of substance tasks. Identity conservation, equivalence conserva­
tion I (with a standard object placed behind a screen to reduce perceptual 
influence), and equivalence conservation II (classical setting) were tested 
with two degrees of transformations (moderate and extreme) using a discon­
tinuous material. A total of 108 subjects took part in the study. Three 
males and three females from each grade (K through 2) were randomly assigned 
to each task situation. The subjects were rated conservera if they made a 
judgment of equality and supported the judgment with an adequate explana­
tion (such as reversibility, statement of operations performed, addition -
subtraction, compensation, identity, or previous equality) on at least two 
of the three trials. The performance of the subjects in the various task 
situations resulted in: 1) no difference in performance on equivalence 
conservation I and equivalence conservation II tasks, 2) no difference in 
performance on moderate and extreme transformation tasks, 3) a significant 
2 
difference (X = 5.35, 1 d.f., p^.05) in performance on identity and equiv-
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alence conservation tasks (I and II), and 4) significant difference 
2 (X = 7.26, I d.f., p<.01) in male - female conservation ability. In con­
trast to Piaget's (1968b) position of simultaneous development. Hooper 
(1969) concluded "that for discontinuous quantity, identity conservation is 
an earlier developmental acquisition than equivalence conservation" (Hooper, 
1969, p. 244) and further than this relationship should be observed with 
all empirical factors and testing material. 
Elkind (1967) reports that pilot work conducted by Ransom on length 
conservation and conservation of continuous quantities supports the hypoth­
esis that identity conservation precedes equivalence conservation. 
A study by Northman and Gruen (1970) resulted in evidence against the 
hypothesis stating that in the development of the conservation of substance 
concept, identity conservation precedes equivalence conservation. The per­
formance of 60 second and third grade pupils was observed in three identity 
conservation of continuous quantity situations and three equivalence con­
servation of continuous quantity situations. The subjects were rated as 
conservera if they responded with "same". They were not required to pro­
vide explanations in support of their responses. The subjects were found 
to conserve either in both of the task situations or in none of the task 
situations. Success in identity conservation test situations did not 
appear in the absence of success in equivalence conservation test situa­
tions. Third grade boys were found to make a greater number of conserving 
responses than the third grade girls. No difference was found in the per­
formance of the boys and girls in the second grade. 
With the limited amount of empirical data available on the identity 
conservation versus equivalence conservation issue, it is rather difficult 
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to draw any conclusions in support for or against the proposed distinction. 
Clearly more studies need to be conducted on a greater variety of conserva­
tion tasks. It appears that at present, none of the studies investigating 
the two forms of conservation have used weight as the empirical factor to 
be conserved. 
The remainder of the studies cited in this review are based on equiva­
lence conservation test designs. 
Differential rates of development 
Piaget and Ihhelder (1962) report the finding of a horizontal décalage 
present in the development of the conservation concept. The development of 
the ability to conserve is a gradual process in which the ability to con­
serve substance emerges first (seven to eight years of age). Conservation 
of weight appears next (nine to ten years of age) and is followed by con­
servation of volume (11 to 12 years of age). As reported earlier, Piaget 
and Inhelder attribute the horizontal décalage to varying levels of 
abstraction and inherent obstacles present in the empirical factors. 
In the collection of data, Piaget (1968b) based his interview sessions 
on a clinical method. With this method, only a general framework for ques­
tioning was determined prior to the interview. The specific questions 
varied from one interview to the next as the investigator attempted "to 
follow the child's thought witfttmfe deforming it by suggestions, or imposing 
the adult's views on the child" (Ginsburg and Opper, 1969, p. 96). Piaget's 
method has been repeatedly criticized (Baldwin, 1967; Flavell, 1963) 
because of its lack of standardized interviews, limited use of statistical 
analysis, and incomplete records of testing procedure and observed 
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responses. Yet Piaget's findings of sequential development of the conserva­
tion concept according to the empirical factor tested have received much 
support from studies (Elkind, 1961a; Goldschmid, 1967; Lovell and Ogilvie, 
1961b; Uzgiris, 1964) in which greater efforts were made to control vari­
ables and analyze results statistically. 
In an attempt to follow Piaget's procedure as closely as possible with 
the addition of a standardised procedure and statistical analysis, Elkind 
(1961a) designed an experiment to test the following hypotheses: 
a) The number of conservation responses does not vary signifi­
cantly with the Type of Response (prediction, judgment, and 
explanation) required; b) the number of conservation responses 
varies significantly with the Type of Quantity (mass, weight, and 
volume); c) the number of conservation responses varies signifi­
cantly with Age Level; d) the number of conservation responses 
varies significantly with the joint effect of Type of Quantity 
and Age Level (Elkind, 1961a, p. 220). 
To test these hypotheses, 175 children from grades kindergarten through 
sixth (25 children per grade) first anticipated and then observed a situa­
tion in which one of two perceptual and quantitative equivalent balls was 
rolled into the shape of a hot dog. The procedure was repeated three times 
to cover the three quantities. For each quantity, the subject was asked to 
make a prediction, a judgment, and to provide an explanation of the 
observed situation. The explanations were divided into four categories. 
Two of the categories were considered nonconserving. Romancing and Percep­
tual, and two were conserving. Specific and General. The explanations 
assigned to the General category differed from those in the Specific cate­
gory in that they were applicable to a variety of conservation situations 
(stated a principle) while the explanations in the Specific class were more 
closely ties to the activities of the observed conservation task. 
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Each conserving response received a score of one. Nonconserving 
responses were scored zero. An analysis of variance revealed that the Type 
of Response did not significantly influence the number of conserving 
responses given. A highly significant difference (F = 255.55; p^.Ol; was 
found to exist among the types of quantities investigated. Conservation of 
mass was the first quantity to emerge (average number of conservation 
responses; 2.08), conservation of weight was next (1.75), while conservation 
of volume was found to be the most difficult (0.25). Further, Elkind found 
a highly significant increase (F = 14.38; p<.01) in the understanding of 
conservation with age. In this study and others cited in the chapter, com­
plete statistical information was not available. The performance trends 
reported by Elkind are similar to those noted by Piaget and Inhelder (1962); 
the five- to six-year-olds and the seven- to 11-year-olds differed signifi­
cantly in ability to conserve mass, the five- to eight-year-olds and the 
nine- to 11-year-olds differed significantly in understanding conservation 
of weight, and for volume, the five- to ten-year-olds and the 11-year-olds 
differed significantly. 
A greater number of empirical factors were investigated in a study by 
Goldschmid (1967) in which 81 children from a normal school and 21 children 
from a school for emotionally disturbed served as subjects. The purpose of 
this study was to establish the relationship among ten different types of 
conservation. All subjects completed three tasks for each type of conserva­
tion. Two points were awarded for each correct response (same) and zero 
points were given for incorrect responses. In addition, the subjects 
received two points if the conserving explanation was abstract (general) 
and one point if the conserving explanation was perceptual (specific to the 
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task). A magical explanation or the absence of an explanation was scored 
zero. For each type of conservation, there was the possibility of receiving 
12 points. A panel of two raters scored the explanations independently. 
Agreement was found in 95 percent of the cases. The remaining five percent 
were determined in conference between the two raters. A ranking of the 
different types of conservation, according to difficulty from least diffi­
cult to most difficult, resulted in the following: substance (mean = 19.62; 
SD = 8.52), number (mean = 19.02; SD = 8.34), continuous quantity (mean = 
18.65; SD = 8.79), two-dimensional space (mean = 18.62; SD = 10.07), dis­
continuous quantity (mean = 17.82; SD = 8.33), weight (mean = 17.82; SD = 
9.13), area (mean = 17.77; SD = 11.35), length (mean =15.20; SD = 10.22), 
three-dimensional space (mean = 10.44; SD = 5.26), and distance (mean = 
8.83; SD = 7.60). The tests used for conservation of mass and conservation 
of weight were similar to those used by Elkind (1961a) and Piaget and 
Inhelder (1962). The same sequence of development is noted in these 
studies. 
In a determination of the influence of age on subject performance, the 
normal subject 84 months or older was found to give a greater number of 
conserving responses than the normal subject in the age group of 83 months 
or younger. The difference for weight was highly significant (t = 3.18; 
p<.001). A significant difference was found in the analysis of sex dif­
ferences for two of the individual conservation types, substance (t = -2.07; 
p<.05) and discontinuous quantity (t = -2.22; p<.05) and for the total 
score (t = -2.07; p<.05). The responses provided by the males indicated a 
more complete, general understanding of conservation than did those pro­
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vided by the females. The sex difference recorded for the conservation of 
weight task was not significant. 
The emotionally disturbed children participating in the study were 
approximately two years older than the normal subjects. In spite of being 
older, there were no significant differences between their performance on 
the conservation tasks and the performance of the normal subjects in the 
same grade. 
In a study of conservation of weight, Lovell and Ogilvie (1961a) also 
noted the increase in understanding of conservation of weight with age. 
The subjects (N = 364) were from the first four years of junior school A 
comparison of the results of this study with similar studies concerned with 
conservation of substance (Lovell and Ogilvie, 1960) and volume (Lovell and 
Ogilvie, 1961b) indicates that the conservation of weight concept emerges 
later than the concept of conservation of substance and prior to conserva­
tion of volume. A particularly interesting factor revealed in the study on 
conservation of weight (Lovell and Ogilvie, 1961a) is that nearly 70 per­
cent of the subjects who were able to conserve weight across a transforma­
tion involving a change in shape or in the number of parts were unable to 
conserve weight across transformations which changed the degree of hardness 
of the object. Lovell and Ogilvie (1961a) concluded that while the develop­
ment of logical thought operations are perhaps a necessary condition for 
the development of conservation, it is not in itself a sufficient condition. 
•A 
Experience appears to play a very important role. 
Uzgiris (1964) introduced a variety of material (plasticine balls, 
metal nuts, wire coils, and plastic insulated wire) into the classical con­
servation of substance, weight, and volume tasks to investigate the influ­
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ence of varying material on the emergence of conservation. A total of 120 
subjects, ten girls and ten boys from each grade one through six, were 
selected by their teachers to participate in the study. The teachers were 
asked not to select their brightest or their problem students. 
The responses given by the subjects in the conservation task settings 
were rated independently by two raters. Each response rated as "adequate 
and acceptable" was scored one point. The analysis of variance indicated 
that the level of understanding of the concept of conservation varies with 
age and with the type of quantity conserved. The emergence of conservation 
of substance occurred between the ages of six years and seven years, con­
servation of weight emerged at ages nine years and ten years, and volume at 
12 years. The difference between mean conservation scores of males and 
females was not significant. Further, the order in which the different 
materials were introduced was not found to be a significant factor in the 
resulting conservation scores. 
A highly significant difference (F = 305.89; p<.01) was reported 
in the ability to conserve when a variety of materials were introduced into 
the design. This developmental variation may be partially explained on the 
basis of the subject's past experiences. Piaget and Inhelder (1969) state 
that the ability to conserve develops in part from experience. Therefore, 
in the early stages of the development of a concept, the concept may first 
appear in objects with which the subject is most familiar. As the concept 
reaches a state of final equilibrium, it is more quickly generalized to a 
variety of situations. A second possible explanation focuses on the mate­
rial used in the task situations. Elkind (1961b) found that the ability to 
conserve a particular quantity of a specific material was not necessarily 
25 
generalized to all forms of material. Liquids (continuous material) were 
found to be the most difficult. Uzgiris (1964) found that for each quan­
tity tested, the greatest percentage of conserving responses were made with 
discontinuous material (metal cubes). 
Studies comparing the subject's ability to conserve across a variety 
of empirical factors provide strong evidence in support of the hypothesis 
that the concept of conservation does not emerge simultaneously across all 
factors and indicates that the level of abstraction introduced into the 
design and the characteristics of the material used may also be a factor in 
the child's ability to understand the concept of conservation. The influ­
ence of sex on the ability to conserve was not supported in all the studies 
in which it was a variable, but there is some suggestion that sex may be a 
more significant factor for some empirical factors than for others. 
Two limitations of the above cited studies are that the task designs 
are of the equivalent nature and that the subject's dependency on perceptual 
cues is tested through only one modality - vision. 
Factors of task design 
The studies investigating conservation of weight are limited in number 
and in methodology employed. A review of studies testing related concepts, 
in addition to those testing conservation of weight, identifies some of the 
critical design factors which if taken into consideration should lead to 
interpretations of greater clarity. 
The majority of the conservation tasks are based on the rational terms 
"more", "same", and "less". As pointed out by Griffiths ejt al^. (1967), 
unless the subject's understanding of the rational terms has been deter­
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mined, a nonconserving response may be the result of: a) the subject's 
lack of understanding of the critical terms, b) an inability to conserve, 
or c) both. Griffiths e^ al. (1967) tested 54 children between the ages of 
49 months and 62 months to investigate their understanding of the rational 
terms used in number, length, and weight conservation tasks. 
Tlie materials used for the weight conservation task were two white 
wooden blocks, one white brick, and one styrofoam block all of the same 
size. If when asked, "What can you tell me about these blocks?" the child 
answered with rational terms, he was said to have used the terms spontane­
ously. If the subject did not use the terms spontaneously, a series of 
questions were asked in an attempt to get an elicited response. 
The results of the study, with respect to weight, showed that in both 
the spontaneous and elicited cases, "more" was used correctly 92 percent of 
the time, "less" 80 percent of the time, and "same" 59 percent of the time. 
The indicated difficulty with the rational term "same" was evident across 
all three content areas. The total performance scores show that "same" was 
used correctly by 40 percent of the subjects, "less" by 65 percent, and 
"more" by 70 percent. 
Northman and Gruen (1970) report that oiit of 65 second and third 
graders tested, five failed to understand the rational terms. These five 
also failed to complete the conservation tasks satisfactorily. The term 
"less" was found to give the subjects the most difficulty. 
In an attempt to reduce the amount of dependency on verbal ability, 
Silverman and Schneider (1968) asked 147 children, four-year-olds through 
ten-year-olds, to indicate which of two jars held more M & M's. After the 
contents of the jar with the fewer M & M's were transferred to a tall thin 
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jar, the children were then asked to tell which jar they wanted and why. 
The majority of the children under age seven years did not conserve. 
Approximately 75 percent of the eight-year-old subjects conserved. A simi­
lar study by Cohen (1967) designed to reduce the verbal exchange and 
increase the subject's participation resulted in more subjects (four years 
two months through five years nine months) being able to conserve substance 
than was found when classical conservation tasks were used. Cohen's (1967) 
study differed from Silverman and Schneider's (1968) in that Cohen did not 
require his subjects to explain their responses. 
The importance of the explanations for scoring purposes was emphasized 
in a study by Gruen (1966). He reports that children receiving verbal pre-
training on "more" and "same" were able to give more conserving responses 
than those not receiving training when scored according to Bruner's cri­
teria (requiring no explanation) (Bruner, 1967) but that no difference was 
evidenced when using Piaget's criteria (requiring a symbolic or symbolic-
logical explanation of the response) (Piaget and Inhelder, 1962). 
The studies cited above indicate two critical factors of task design 
which are based on verbal ability. First, it cannot be assumed that all 
children between the ages of five years and 12 years understand the 
rational terms "more", "same", and "less". Therefore, a screening task 
should be included in studies concerned with establishing the presence of 
conservation. In addition, when comparing the performance of subjects on 
various conservation tasks, it is important to be consistent in basing the 
scores on the initial statement, the explanation of the statement, or a 
combination of both. 
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Other factors in the task design which could result in a systematic 
bias include the questioning procedure and the use of labels. In a study 
designed to investigate the influence of nonvisual cues. Hall and Kingsley 
(1968) found that half of the subjects (ages five years six months to six 
years two months) giving conserving responses when first questioned changed 
to nonconserving responses when asked the additional question, "If we 
weighed them, would the moved one be heavier, lighter, or the same as the 
other?" The additional question caused the subjects to doubt their own 
responses. 
To test the influence of labeling. Hall and Kingsley (1968) divided 
the subjects into three groups. For the first group, the flattened ball of 
clay was referred to as a "pancake" and the rolled ball of clay was called 
a "hot dog". The labels "flat rock" and "rocket" were used for the second 
group while for the third group, no labels were used. The subject's 
responses indicated that the labels influenced the subject's decision. 
Considerably fewer responses were made by the group for which labels were 
not used. 
The order in which tasks are presented to the subject is another fac­
tor which should be taken into consideration when designing studies investi­
gating the conservation concept. Evidence of transfer between two types of 
conservation, conservation of substance and conservation of weight, was 
reported by Smedslund (1961). He found that subjects succeeding on the 
conservation of substance task transferred the idea of conservation to the 
conservation of weight tasks if they were conducted within a short period 
o[ time. In addition, Smedslund reports that subjects practicing with con­
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servation of weight exclusively showed significant improvement in both con­
servation of weight and substance tasks. 
Elkind (1961a) presented the conservation tasks in the same order to 
all subjects with the theory that this would result in a more rigorous test 
of Piaget's developmental theory. If conservation concepts are the result 
of a developmental process, the practice effect should be minimal. The 
highly significant differences (F = 255.55; p<.01) reported by Elkind 
indicate that if any carry-over existed, it.was minimal. 
Transfer between identity conservation tasks and equivalence conserva­
tion tasks is reported by Bruner (1967). Children at the transition stage 
appeared to be helped in completing equivalence conservation tasks if iden­
tity questions were asked prior to equivalence questions. Eighty percent 
of the equivalence questions were answered correctly by children at the 
transition stage when the equivalence questions were preceded by identity 
questions. When the equivalence questions were answered first, only 50 
percent of the subjects answered the questions correctly. The reverse 
results were found for children showing no signs of conservation in the 
pretest. Only 33 percent of these children answered the equivalence ques­
tions correctly when they were preceded by identity questions whereas 60 
percent answered them correctly when they were not preceded by the identity 
questions. 
Bruner (1967) concluded that the identity questions helped children at 
the transition stage by reminding them about identity but hindered those 
children who had not yet integrated identity with invariance of amount by 
suggesting to them a more perceptual approach. 
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In summary, the following recommendations can be made to assist in 
reducing the amount of systematic bias in studies designed to compare the 
performance of subjects on a variety of conservation tasks: 
1) A pretest should be used to ensure that the subjects understand 
the rational terms. 
2) The labels used in reference to the transformed object should be 
consistent in all tasks. 
3) A standard interview procedure should be used with all subjects. 
4) The order in which the tasks are presented should be counterbal­
anced and recorded so that transfer effects may be identified, if 
they exist. 
5) The method of scoring should be consistent in being based on the 
initial statement, the explanation of the statement, or a combina­
tion of both. 
6) The structure of the task equipment should be consistent (contin­
uous or noncontinuous) across all task situations. 
In this chapter, theoretical and empirical background information were 
presented in a discussion concerning the development of the conservation of 
weight concept. Noticeably absent from the review are studies investigating 
the influence of kinesthetic judgments on the development of the conserva­
tion of weight concept. The importance of kinesthetic judgments was empha­
sized by Piaget and Inhelder (1962) when they stated that a child's initial 
understanding of weight is based on sensory impressions and that these 
impressions are projected on the balance. Furthermore, this egocentric 
approach is reported to oppose the mental operation of reversibility and 
cause a delay in the development of the concept of conservation of weight. 
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It is the contention of the present investigator that the full impact 
of kinesthetic judgments on the development of the conservation of weight 
concept has not yet been determined as the previous studies have been based 
on visual perceptual approaches rather than a kinesthetic perceptual 
approach. To investigate the influence of kinesthetic cues on the develop­
ment of the conservation of weight concept, one of the three test 
approaches used in this study and described in the next chapter is based on 
alterations perceived through the kinesthetic modality. The second test 
approach is designed according to Elkind's (1967) identity conservation 
task situation. Elkind's theorized distinction between equivalence conser­
vation and identity conservation has not been applied to test situations 
assessing conservation of weight. The third test approach, based on the 
equivalence task situation used by Piaget and Inhelder (1962), serves pri­
marily as a standard for comparative purposes. 
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RESEARCH DESIGN 
The primary purpose of this study is to determine if the level of 
understanding expressed by the subjects varies significantly with the type 
of conservation of weight approach observed. The approaches included in 
this study investigate the influence of variations in conservation form and 
perceptual modality. The 252 children participating in the study attend 
Rolling Green Elementary School, Urbandale, Iowa. They range in age from 
five years two months to 12 years four months. 
Each subject is asked to participate in the three conservation of 
weight approach test situations; equivalence, identity, and kinesthetic. 
In the equivalence conservation approach test, the subject is asked to com­
pare the weight of two originally identical objects after the shape of one 
of the objects had been altered. In the identity conservation approach 
test, the subject is asked to comment on the weight of an object as 
observed in its original and altered condition. In the kinesthetic conser­
vation approach test, the subject is asked to comment on the weight of an 
object after holding the object in two different positions which produce an 
illusion of apparent difference in the amount of energy required to support 
the object. The levels of understanding expressed by the subjects in the 
conservation approach test situations are determined by analyzing the state­
ments and explanations contained in the responses provided by the subjects. 
Subjects 
The children participating in this study attend Rolling Green Elemen­
tary School, Urbandale, Iowa. Urbandale is a predominantly white, upper-
middle-class suburb of Des Moines. 
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For participation in the study, it was necessary for the child to suc­
cessfully meet two sets of criteria. The first set of criteria stated that 
a child was ineligible for participation if he; 1) had been retained or 
advanced, 2) had a physical handicap which would interfere with full parti­
cipation in the conservation approach tests, or 3) had an emotional handi­
cap which interferred with his classroom work and placed him under the 
observation of the school psychologist. Those children not meeting these 
general criteria were identified by the school principal with the assis­
tance of the classroom teachers and the investigator conducting this study. 
Grade lists containing the names of those children in each grade who 
successfully met the first set of criteria were prepared. The names were 
listed in random order. The first 18 boys and 18 girls on each list pass­
ing the terminology test (the second set of criteria) served as subjects 
for the study. 
The 252 subjects ranged in age from five years two months to 12 years 
four months. The subjects were divided into seven groups according to age. 
There were 36 children (18 males and 18 females) per age group. The mean 
age and standard deviation for each age group are reported in Table 1. 
The chronological ages five years to 12 years were selected because it 
is during this time (the preoperational stage and the concrete operational 
stage) that developmental changes in the acquirement of the conservation of 
weight concept are most likely to be observed. 
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Table 1. Mean age and standard deviation of subjects by sex and by age 
level 
Standard 
Age Mean age deviation 
level Sex N (months) (months) 
1 F 18 71.66 4.12 
M 18 72.77 3.25 
F & M 36 72.22 3.69 
2 F 18 84.67 3.91 
M 18 83.61 3.93 
F & M 36 84.14 3.90 
3 F 18 96.50 2.60 
M 18 96.89 3.64 
F & M 36 96.69 3.11 
4 F 18 108.89 4.56 
M 18 . 107.78 4.00 
F & M 36 108.33 5.73 
5 F 18 119.94 3.11 
M 18 120.50 2.80 
F & M 36 120.22 2.92 
6 F 18 132.00 3.39 
M 18 130.83 3.06 
F & M 36 131.42 3.22 
7 F 18 142.17 3.87 
M 18 144.39 3.28 
F & M 36 143.28 3.70 
Pilot Study 
Prior to scheduling interviews with the children at Rolling Green Ele­
mentary School, a pilot study was conducted. Twelve children between five 
and 12 years of age participated in the pilot study. 
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The purpose of the pilot study was to evaluate the clarity and effi­
ciency of the interview procedure and to gain experience in presenting test 
material and recording subject responses. 
The responses recorded in the pilot study were included in the Rater 
Training Manual to familiarize the raters with the procedure used for clas­
sifying the statements and explanations contained in the responses. 
Construction of Tests 
Definition of terms 
The present study is concerned with comparing the levels of understand­
ing represented Ln the responses given by the subjects in the three differ­
ent approaches to the conservation of weight concept. 
The most common approach used to assess a child's understanding of 
conservation of weight is referred to as the equivalence approach (Elkind, 
1967). This approach, designed by Piaget, has been studied extensively by 
Elkind (1961a), Lovell and Ogilvie (1961a), Smedslund (1961), and Goldschmid 
(1967). In the equivalence conservation of weight approach, the subject is 
asked to compare the weights of two originally identical objects after 
observing the investigator alter the shape of one of the objects. 
The identity approach to conservation was introduced by Elkind (1967). 
As noted in the preceding chapter, the identity approach to conservation 
has been studied in connection with the conservation of substance concept 
(Hooper, 1969; Northman and Gruen, 1970) and the conservation of length 
concept (Elkind, 1967). The identity approach to conservation has not been 
applied to the conservation of weight concept prior to the study under 
present investigation. In the identity conservation of weight approach. 
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the subject is asked to conunent on the weight of an object as observed in 
its original and altered condition. 
The identity conservation approach differs from the equivalence con­
servation approach in that the subject is asked to compare only one object 
with itself and is not required to make an additional comparison with a 
second (standard) object as is required in the equivalence conservation 
approach. The additional comparison noted in the equivalence approach 
requires the mental operation of transitivity. Transitivity is not needed 
for success in the identity conservation approach. The equivalence and 
identity conservation approaches are similar in that they both are based on 
visual cues. 
The kinesthetic approach to conservation has not been previously 
reported in the literature. The test situation designed to assess the con­
servation of weight concept with the kinesthetic approach was prepared by 
the investigator specifically for this study. In the kinesthetic conserva­
tion of weight approach, the subject is asked to comment on the weight of 
an object after holding the object in two different positions which produce 
an illusion of apparent difference in the weight of the object he is asked 
to manipulate. The primary difference between the kinesthetic approach 
and the two approaches previously described is that the kinesthetic conser­
vation approach is based on kinesthetic cues rather than visual cues. The 
kinesthetic conservation approach is similar to the identity conservation 
approach in that in both the subject is asked to comment on the weight of 
one object which is presented under two different conditions. 
In addition to the conservation approach tests, a terminology test was 
designed by the investigator. The primary purpose of the terminology test 
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was to aid in the selection of subjects having a functional understanding 
of the rational terms ("more", "same", and "less") used in the conservation 
approach tests. By allowing only those children with a proven functional 
understanding of the rational terms to participate in the study, the possi­
bility that a misunderstanding of terms is responsible for failures occur­
ring in the conservation approach tests is reduced. In addition to deter­
mining the child's understanding of the rational terms, the terminology 
test assisted in orienting the child to the empirical factor (weight) under 
investigation. 
A description of the equipment, instructions, and scoring procedures 
used in the terminology test and the conservation approach tests is pre­
sented in the following sections. 
Terminology test 
The terminology test was included in this study to ensure that all sub­
jects participating in the study had a functional understanding of the 
rational terms included in the conservation approach tests. 
Three yellow "Play Doh"^ balls of equal size (one and one-half inches 
in diameter) are needed for this test. Two of the balls weigh two ounces; 
the third has a metal nut core and weighs seven ounces. 
The three balls are placed on the table in a row in front of the sub­
ject. The seven-ounce ball is placed between the two two-ounce balls. In 
presenting the test to the subject, the investigator points to the middle 
ball and the ball on the subject's left and gives the following instruction; 
A molding compound manufactured by Rainbow Crafts, Inc., Cincinnati, 
Ohio. 
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"Pick up these two balls and show me the one which weighs more." 
Next, the investigator points to the middle ball and the ball on the sub­
ject's right and gives the following instruction: 
"Now, pick up these two balls and show me the one which weighs 
less." 
In the third subtest of the terminology test, the subject is asked to 
locate the two balls having the same weight. 
"Now, of the three balls on the table, show me the two which 
weigh the same." 
After completing each subtest of the terminology test, a check is 
placed in the appropriate space on the Response Record Sheet (Appendix A) 
if the subject identifies the appropriate ball or balls as requested in 
the instructions. A dash is used to indicate an incorrect response. 
The Response Record Sheet not only provides a format for recording 
subject identification data and the subjects' responses to the terminology 
test and the conservation approach tests but, in addition, serves as an 
efficient interview outline by indicating the order in which the conserva­
tion approach tests are to be presented to the subjects. 
Scoring the terminology test 
The subject's performance on the terminology test is scored immedi­
ately following the administration of the test while the interview is still 
in process. If the subject fails to identify the appropriate ball or balls 
in one or more of the three subtests of the terminology test, the subject's 
performance on the test is recorded as not passing. 
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Conservation approach tests 
In this study, the level of understanding of the conservation of 
weight concept held by children between the ages of five years and 12 years 
was assessed with three different approaches; equivalence, identity, and 
kinesthetic. The precautions noted in previous studies concerned with the 
experimental design of conservation tests were taken into consideration 
while preparing the equipment and directions to be used in the three 
approaches. To assist in eliminating systematic bias, the questioning pro­
cedure was kept as consistent as possible while still allowing for the 
intrinsic differences contained in each approach. Materials of a solid, 
continuous nature were used in each of the three approaches and no special 
descriptive labels were given to the test equipment when presented in 
either its original or altered condition. 
Each conservation approach test consists of three subtests. The 
transformations (flattening, rolling, and breaking) used in the equivalence 
conservation approach test and the identity conservation approach test fol­
low the procedure uaed by Piaget (Piaget and Inhelder, 1962). The three 
different conditions for the kinesthetic conservation approach test were 
designed by using weights of three different magnitudes. 
The scoring criteria used in analyzing the responses given by the sub­
jects were identical for the three conservation approaches. 
Equivalence conservation approach test The equivalence conserva­
tion approach test requires the use of three pairs of perceptually and 
quantitatively equivalent "Play Doh" balls (two white balls, two blue balls, 
and two red balls). The balls weigh two and one-half ounces and are one 
and three-fourths inches in diameter. 
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In this test, the investigator hands one pair of "Play Doh" balls to 
the subject aiid states; 
"Here are two pieces of "Play Doh" that weigh the same. Do you 
agree?" 
If the subject fails to affirm the equality of the balls after holding one 
ball in each hand, the investigator presents another pair of balls to the 
subject in the same fashion. After locating a pair of balls which the sub­
ject agrees weigh the same, the investigator flattens one piece of "Play 
Doh" to the shape of a disk four inches in diameter in front of the subject. 
Following the transformation, the subject is asked: 
"Does this "Play Doh" (pointing to the disk) weigh more, the 
same, or less than this "Play Doh" (pointing to the ball)?" 
The investigator then requests in a neutral but interested manner: 
"Explain to me why." 
The above procedure is repeated two more times with two new pairs of 
"Play Doh" balls. The transformation with the first pair is performed by 
rolling one ball into a cylinder shape five inches long. The transforma­
tion for the second pair consists of breaking one ball into four pieces. 
To standardize the transformations necessary in this test and in the 
identity conservation approach test, patterns were drawn on a piece of 
cardboard (11 inches by 17 inches) and covered with cellophane. The pat­
terns consisted of a circle four inches in diameter and a five-inch long 
line. 
The responses given by the subjects in each of the three subtests are 
recorded verbatim on the Response Record Sheet (Appendix A). 
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Identify conservation approach test Three single "Play Doh" balls 
(one white, one blue, and one red) are used for the identity conservation 
approach test. 
In the first subtest, one ball of "Play Doh" is presented to the sub­
ject. The subject is told; 
"Here is a piece of "Play Doh". Look at it." 
The ball is then transformed by the investigator in front of the subject to 
the shape of a disk four inches in diameter. After the transformation, the 
subject is asked: 
"Does this "Play Doh" now weigh more, the same, or less than it 
did when I first showed it to you?" 
Following the subject's answer, the investigator requests in a neutral but 
interested manner: 
"Explain to me why." 
The above procedure is repeated with the two remaining balls. The 
first ball is transformed by being rolled into a cylinder shape five inches 
long. The second ball is transformed by being broken into four pieces. 
The responses given by the subjects in each of the three subtests are 
recorded verbatim on the Response Record Sheet (Appendix A). 
Kinesthetic conservation approach test For the kinesthetic conser­
vation approach test, three blocks of wood weighing two pounds, five pounds, 
and seven pounds (3% inches by 9 3/4 inches by 3% inches, 5% inches by 12 
inches by 3^ inches, and 5^ inches by 15 3/4 inches by 3% inches, respec­
tively) were covered with wood grain patterned self-adhesive vinyl paper. 
A metal handle was attached to one side of each block so that the block 
could be easily held in a horizontal position with one hand. 
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In the first subtest of the kinesthetic conservation approach test 
using the two-pound block, the following instructions are given to the sub­
ject; 
"Here is a block of wood that I would like you to hold with one 
hand (subject's preference). You are to hold the block with your 
arm held straight, at shoulder level, until I ask you to return 
the block." 
The investigator demonstrates the proper position for holding the block and 
then gives it to the subject. After the subject has held the block for six 
seconds, the investigator takes the block from the subject and says: 
"Now, I want you to hold this same block of wood with both hands. 
Support the block at chest level with your hands under the block 
and elbows bent until I ask you to return the block." 
The investigator demonstrates the proper position for holding the block and 
then gives the block to the subject. After the subject has held the block 
for six seconds, the investigator takes the block from the subject and asks: 
"Does this block of wood now weigh more, the same, or less than 
it did when you held it with one hand?" 
Following the subject's response, the investigator requests in a neutral 
but interested manner: 
"Explain to me why." 
In the second subtest, the five-pound block of wood is presented to 
the subject, and the following instructions are given: 
"Here is another block of wood that I want you to hold with both 
hands. Support the block at chest level with your hands under 
the block and elbows bent until I ask you to return the block." 
Tlie investigator demonstrates the proper position for holding the block and 
then gives it to the subject. After the subject has held the block for six 
seconds, the investigator takes the block from the subject and says: 
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"Now, I want you to hold this same block of wood with one hand 
(subject's preference). You are to hold the block with your arm 
held straight at shoulder level until I ask you to return the 
"block." 
Again, the investigator demonstrates the proper position for holding the 
block and then gives it to the subject. After the subject has held the 
block for six seconds, the investigator takes the block from the subject 
and asks: 
"Does this block of wood now weigh more, the same, or less than 
it did when you held it with both hands?" 
Following the subject's response, the investigator requests in a neutral 
but interested manner; 
"Explain to me why." 
The seven-pound block of wood is used in the third subtest. The pro­
cedure described for the first subtest is repeated for this subtest. 
The responses given by the subjects in each of the three subtests are 
recorded verbatim on the Response Record Sheet (Appendix A). 
Scoring the conservation approach tests Five levels of understand­
ing have been defined by the investigator. Each response is scored accord­
ing to the level of understanding represented in the response. Responses 
meeting the criteria of Level 1 are scored zero points; responses at 
Level 2, one point; Level 3, two points; Level 4, three points; and Level 5, 
the level showing the greatest degree of understanding, four points. The 
five levels of understanding and the statements and explanations required 
for inclusion at each level are as follows: 
1) Nonconserving statement - Ambiguous explanation 
Example; Less - Because it won't drop. 
- Perceptual explanation 
Example; More - It is longer. 
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2) Nonconserving statement - Symbolic explanation 
Example; Less - Because some clay fell off. 
- Symbolic-logical explanation 
Example: Less - If clay is taken off, it will weigh less. 
3) Conserving statement - Ambiguous explanation 
Example: Same - I don't know. 
- Perceptual explanation 
Example: Same - It feels the same. 
4) Conserving statement - Symbolic explanation 
Example: Same - You just flattened it. 
5) Conserving statement - Symbolic-logical explanation 
Example: Same - None was taken away or added. 
The summation of the points assigned to the three responses within 
each conservation approach test results in the formation of three conserva­
tion approach total scores for each subject. A high score of 12 points is 
possible for each conservation approach test. 
As noted above both parts of the response, the statement and the 
explanation are used in determining the appropriate level of understanding 
represented in the response. The statement in each response is one of 
three rational terms ("more", "same", or "less") depending upon whether the 
subject viewed the weight of the object as being conserved or altered 
through the transformation. The statements are classified as either con­
serving or nonconserving (Elkind, 1961). The definitions of the two 
classes of statements are as follows: 
Conserving statement (C): Same, the weight of the object remained the 
same. 
Nonconserving statement (NC): More or less, the weight of the object 
was altered. 
The explanations contained in the responses are classified as Ambigu­
ous, Perceptual, Symbolic, or Symbolic-logical (Smedslund, 1961). The 
Ambiguous explanations and the Perceptual explanations do not provide evi-
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dence of an understanding of the conservation concept and are considered 
unacceptable (Elkind, 1961a; Hooper, 1969). The Symbolic explanations and 
the Symbolic-logical explanations are acceptable and indicate that the sub­
ject has an understanding of the conservation concept. The highest level 
of abstraction is illustrated in the Symbolic-logical explanations. The 
Symbolic explanations represent the second highest level of abstraction, 
the Perceptual explanations the third, and the Ambiguous explanations the 
lowest level of abstraction. The classes of explanations used in this 
study are defined as follows: 
Ambiguous explanation (A): An explanation of the accompanying 
statement which indicates the subject is either unable or 
unwilling to explain the reasoning used to arrive at the given 
statement, and/or emphasizes extraneous observations or irrel­
evant material to support the statement. 
Perceptual explanation (P): An explanation of the accompanying 
statement which gives evidence of the subject's dependency on 
either visual or kinesthetic cues. The explanation is 
strictly a verbalization of the perceptual cues received by 
the subject. 
Symbolic explanation (S): An explanation of the accompanying 
statement which emphasizes factors relevant to the conserva­
tion concept but is limited in that it focuses on the trans­
formations which take place in that specific test situation. 
Symbolic-logical (Sj^) : An explanation of the accompanying state­
ment which presents, in general terms, those factors relevant 
to the conservation concept by stating that matter had not 
been added or subtracted by noting identity or by making 
reference to necessity. 
If a response contains two or more explanations, the explanation represent­
ing the highest level of abstraction is used in classifying the response. 
Procedure 
The design of the present study involves interviewing 252 elementary 
school age children. Permission to interview students attending Rolling 
46 
Green Elementary School, Urbandale, Iowa, was received through private com­
munication with the school principal. Prior to the start of the interviews, 
grade lists were discussed with the principal and classroom teachers to 
identify those students not meeting the first set of criteria dealing with 
educational background and physical and mental health. A random ordering 
of the administration of the three conservation approach tests was conducted 
to minimize a possible transfer effect between approaches. The six possi­
ble orders (equivalence, identity, kinesthetic; identity, kinesthetic, 
equivalence; kinesthetic, equivalence, identity; identity, equivalence, 
kinesthetic; equivalence, kinesthetic, identity; and kinesthetic, identity, 
equivalence) were randomly assigned to the subjects in the two sex groups 
of each age level. 
All interviews were conducted in the school during regular school 
hours. The testing room six feet by eight feet contained a table three 
feet by one and one-half feet, two chairs, and the equipment needed for the 
terminology and conservation approach tests. A 12-inch strip of tape was 
affixed to the floor to indicate where the subject should stand during the 
kinesthetic conservation approach test. The test equipment was placed 
under the table when not in use. 
Each of the 252 subjects was escorted individually to the testing room 
by the investigator. While going to the testing room, the investigator 
explained that she was conducting a study in which she needed the help of 
Rolling Green students. The fact that the subject's performance during the 
interview would not be reported to school personnel and that he would not 
be graded on his performance was emphasized. The terminology test was 
administered first to each subject. If the subject's performance on the 
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terminology test was satisfactory, the three conservation approach tests 
were presented to the subject in the order previously determined. Upon 
completion of the interview, the subject was escorted by the investigator 
to his classroom. 
Administration of terminology test The terminology test was admin­
istered and scored according to the directions given. If the subject 
failed one or more of the three subtests contained in the terminology test, 
the interview was terminated. 
Administration of conservation approach tests The three conserva­
tion approach tests were administered according to the directions given. 
The responses provided by the subjects were recorded verbatim by the inves­
tigator on the Response Record Sheet (Appendix A). 
Scoring procedure Two raters were selected to classify the state-
2 
ment and explanation contained in each response. The raters were selected 
because of their knowledge and interest in Piagetian theory and their pre­
vious experience with children. Two two-hour training sessions were con­
ducted for the raters. During these sessions, there was a brief explanation 
of the study under investigation and a discussion of the material in the 
Rater Training Manual (Appendix B). 
Following a review of the manual, the raters were encouraged to ask 
questions for clarification of terms and scoring procedure. When it 
appeared that the raters understood the terms and scoring procedure, they 
were given a booklet containing 36 sample responses. The sample responses 
2 
Dr. Dominick Pellegreno, Department of Guidance, Iowa State Univer­
sity and Mrs. Helen Raikes, Child Development Laboratories, Iowa State Uni­
versity. 
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were provided by subjects participating in the pilot study. The raters 
independently classified the responses. A comparison of classifications 
and the reasoning behind the classifications followed. The raters were 
then asked to independently classify the sample responses a second time. Â 
comparison and discussion followed. The same procedure of classifying and 
comparing was followed for Sample Two and Sample Three. The raters worked 
with each sample until there was complete agreement on the classification 
of the responses. 
Following the training sessions, the raters were given the responses 
provided by the subjects in the study. The responses were listed in a ran­
domized order. The raters classified the statement and explanation con­
tained in each response. The responses were then assigned to a level of 
understanding and given the appropriate score. Copies of the classifica­
tion sheets used by the raters are located in Appendix B. 
Statistical Treatment of Data 
The primary purpose of the data analysis was to test the following 
null hypotheses: 
1) There is no significant difference between the performance trends 
observed with the equivalence conservation approach test and with 
the identity conservation approach test. 
2) There is no significant difference between the performance trends 
observed with the kinesthetic conservation approach test and with 
the equivalence conservation approach test. 
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3) There is no significant difference between the performance trends 
observed with the kinesthetic conservation approach test and with 
the identity conservation approach test. 
In testing these null hypotheses, it was necessary to apply a number of 
statistical techniques. The calculations needed in the statistical analysis 
were computed by the investigator. The analysis was based on the scores 
assigned to the responses provided by 252 subjects when questioned on the 
conservation of weight concept in three different conservation approach 
situations. The scores were assigned according to the level of understand­
ing represented in the response. The approaches were presented to the sub­
jects in one of six possible orders. 
The first step in the analysis involved establishing the degree of 
rater agreement in assigning the subjects' responses to a specific level of 
understanding. The coefficient of linear correlation between the levels to 
which the responses were assigned by the two raters for each conservation 
approach was determined through use of the following formula: 
The next steps in the analysis were directed toward determining the 
effect of the conservation approach and the effect of the age and sex of 
thé subjects on the level of understanding displayed in the subjects' 
responses. The approach total scores (summation of three subtest scores 
for each approach) for each age level were used in this analysis. The 
analysis of variance used was based on a fixed model described by Edwards 
(1960). In this model, two error mean squares were calculated. The first 
error mean square was based upon the pooled sum of squares between subjects 
51 xy 
r 
(Ostle, 1966, p. 224) 
50 
and was used to test the significance of the age effect, the sex effect, 
and the age x sex interaction. The second error mean square was derived 
from the pooled subject x approach interactions. This error term was used 
in testing the significance of the approach effect, the age x approach 
interaction, the sex x approach interaction, and the age x sex x approach 
interaction. The technique of calculating two error mean squares in the 
above fashion allowed for more precise information on the approach effect 
and the age x approach, sex x approach, and the age x sex x approach inter­
actions. 
To investigate the performance trends observed in the three approaches, 
the curves for each approach were plotted, and the regressions of the mean 
scores for the seven age groups were calculated with the following formula: 
i:XY-(Zx)(lY)/n 
^ I x^-(£x)^/n (Ostle, 1966, p. 164) 
The hypothesis = 0 was tested for each slope with an analysis of 
variance for simple linear regression (Ostle, 1966). An F-ratio 
(F = square due to bj/bp^ greater than 6.61 = F. 05)(1)(5) needed 
residual mean square 
to reject the hypothesis and determine that the slope of the regression was 
significantly different from 0. The three regression coefficients were com­
pared in a descriptive framework and by plotting the observed and predicted 
values. In this approach, the mean performance scores were regressed 
against the mean age scores for the seven grades. Tests of significance 
were not used because of the small degrees of freedom in this approach. To 
utilize more of the data and provide a more detailed analysis of trends with 
tests of significance, a procedure was used which provides additional parti-
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Cloning of the overall analysis of variance for examining age and approach 
developmental trends. 
This final statistical technique used to test the initially stated 
hypotheses was Duncan's new multiple-range test (Steel and Torrie, 1960). 
This test provided a slightly different interpretation of the significant 
age X approach interaction by indicating which of the 21 differences 
between the seven age levels for each approach were significant with 
.05 and = .01. The multiple-range test was also used to determine 
which of the three differences between the three approach means at each age 
level were significant. 
In addition to the initially stated hypotheses, three other factors of 
the study were thought to be of sufficient interest to warrant statistical 
treatment. The first factor is the distribution of responses given at each 
age level for each approach according to the level of understanding repre­
sented. The second involves the effect of the order in which the 
approaches were presented to the subjects. The third deals with the occur­
rence of failures to pass the terminology test. 
The distribution of responses given at each age level for each 
approach according to the level of understanding represented was formulated 
by calculating a percentage breakdown based on the number of times each 
level was evidenced with each approach at each age level. A table was con­
structed for easier comparison of levels of understanding across approaches 
and age levels. 
To determine if the order in which the approaches were presented to 
the subjects had a significant effect on performance, an analysis of vari­
ance using the factors age, order, and conservation approach was calculated. 
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The approach total scores (summation of three subtest scores for each 
approach) were used in this analysis. The statistical model for the analy­
sis provided two error terms as described by Edwards (1960). The first 
error term was used to test the significance of the age effect, the order 
effect, and the age x order interaction. The second error term was used to 
test the significance of the approach effect, the age x approach interac­
tion, the order x approach interaction, and the age x order x approach 
interaction. 
The order x approach interaction was illustrated by plotting the 
curves for the three approaches. An analysis of each profile was made 
using Duncan's new multiple-range test (Steel and Torrie, 1960) to deter­
mine which of the 15 differences between the six order means for each 
approach were significant with = .05 and ck = .01. 
In analyzing the occurrence of failures to pass the terminology task, 
the percent of failures to correctly identify the appropriate ball or balls 
was calculated for each term by age levels. A table was constructed for 
easier comparison of term difficulty across age levels. 
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RESULTS 
In this study, 252 subjects representing seven successive age levels 
were questioned as to their understanding of the conservation of weight 
concept when presented with three different conservation of weight 
approaches: equivalence, identity, and kinesthetic. The three approaches 
included in this study investigate the influence of variations in conserva­
tion form and perceptual modality. The equivalence conservation approach 
test assesses the subject's understanding of the equivalence form of con­
servation when the transformations are perceived through the visual modal­
ity. The identity conservation approach test assesses the subject's under­
standing of the identity form of conservation when the transformations are 
perceived through the visual modality. The subject's understanding of the 
identity form of conservation when the transformations are perceived 
through the kinesthetic modality is assessed with the kinesthetic conserva­
tion approach test. 
The primary purpose of this study was to determine if the levels of 
understanding expressed by the subjects varied significantly with the type 
of conservation of weight approach observed and to determine if the develop­
ment of the concept, as measured by the levels of understanding expressed 
by the subjects, varied significantly with the type of conservation of 
weight approach observed. The primary concerns of this study may be best 
summarized with the following null hypotheses: 
1) There is no significant difference between the performance trends 
observed with the equivalence conservation approach test and with 
the identity conservation approach test. 
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2) There is no significant difference between the performance trends 
observed with the kinesthetic conservation approach test and with 
the equivalence conservation approach test. 
3) There is no significant difference between the performance trends 
observed with the kinesthetic conservation approach test and with 
the identity conservation approach test. 
The tests of the above hypotheses, as based on the analysis described 
in the preceding chapter, will be reported in this chapter along with the 
distribution of responses according to the level of understanding repre­
sented, the results related to the order effect, and the frequency of ter­
minology task failures. 
Rater Agreement 
The degree of rater agreement in assigning the subjects' responses to 
a specific level of understanding was determined for each conservation 
approach with the following results: 
Equivalence - r = 2495.42 _ 
\/(2549.15) (2518.77) 
Identity - r = 2431.95 _ gg 
v/(2455.71) (2435.95) 
Kinesthetic - r = 1271.33 = .99 
\/(1268.07) (1292.57) 
The calculated coefficients of linear correlation, r = .91 and r = .99, are 
highly significant ('91)»r(,oi)(275) " *^^^'^(.01)(275) I?)" 
These highly significant coefficients indicate that the raters were in 
close agreement as to which levels of understanding the responses given by 
the subjects should be assigned. 
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The Effect of Age, Sex, and Conservation Approach 
Table 2 summarizes the analysis of variance calculations based on the 
approach total scores reported in Table 16, Appendix D. As noted in 
Table 2, an F-ratio equal to 27.74 with 6 and 238 degrees of freedom was 
calculated for the age effect. This is a highly significant F value 
(27.74>F^ 99)(6)(238) ~ 2.80). The seven age-group means were averaged 
over the three conservation approaches, and they correspond to a general 
overall measure of performance for each age. Therefore, it can be con­
cluded that performance with the conservation of weight approaches, when 
averaged over the three approaches, is significantly different for the 
seven age levels. 
The sex effect and the sex x age interaction were not significant 
(.0^<^(.95)(1.)(238)'^ 3.84 and 1-54<F^ ^238)" ^ .lO, respectively. 
As the sex factor was not significant as a main effect or interaction, the 
performance scores in the following analyses have been averaged over sex at 
each level. 
In testing the significance of the effect and interactions in the sec­
ond portion of the analysis of variance, the error term designated (b) was 
used. The sex x approach interaction and the age x sex x approach interac­
tion mean squares were not significant (1.55<F^ 95)(2)(476) ~ 3.00 and 
.64<F^ 95)(12)(476) ~ respectively. The F-ratio calculated for the 
approach effect (F = 1,021.42/7.83 = 130.45) is a highly significant value 
(130.45)»F^ 99)(2)(476)~ ^ .61). The approach means were averaged over sex 
and age. The significant mean square indicates that the approach means 
differ significantly. A division of the approach sum of squares into two 
orthogonal contrasts, versus I) and C2(E and I versus K), indicates 
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Table 2. Analysis of variance to test the effects of age, sex, and conser­
vation approach (original data in Table 16) 
Source of variation d.f. 
Sum of 
squares 
Mean 
square F-ratio 
Age 6 4084.21 680.70 27.74** 
Sex 1 2.27 2.27 .09 
Age X sex 6 226.55 37.76 1.54 
Error (a) 238 5840.12 24.54 
Approach 2 2042.83 1021.24 130.45** 
C (E vs I) 1 20.84 20.84 2.66 
Cg (E & I vs K) 1 2021.99 2021.99 258.23** 
Age X approach 12 C07.34 50.61 6.46** 
Sex X approach 2 24.29 12.14 1.55 
Age X sex x approach 12 60.65 5.05 .64 
Error (b) 476 3727.89 7.83 
Total 755 16616.20 
•^^Significant at (^ = .01. 
that the significant approach effect results from the highly significant 
mean square (F = 2,021.99/7.83 = 258.23; 258.23>F^ 99)(1)(755) ^  6.63) 
associated with (E and I versus K). The mean square for (E versus I) 
did not.reach, significance (2.66<F^ 95)(1)(476) ~ 3.84). Therefore, when 
averaged over age and sex, the mean performance scores of the equivalence 
conservation approach and the identity conservation approach do not differ 
significantly. A significant difference is noted between the mean perform­
ance scores of the conservation approaches based on visual cues (equivalence 
and identity) and the conservation approach based on kinesthetic cues 
(kinesthetic). 
The highly significant age x approach mean square (F = 50.61/7.83 = 
6.46; 6.46^ F^ 99)(12)(755) ~ 2.36) reveals that the trends of age level 
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mean performance scores for the three conservation approaches do not have 
the same form. The curves of the age level mean performance scores, aver­
aged over sex, for each approach are shown in Figure 1. The regression 
coefficient for the equivalence conservation approach is = 1.33, for the 
identity conservation approach b^ = 1.49, and for the kinesthetic conserva­
tion approach bj^ = .56. As shown in Tables 3, 4, and 5, respectively, 
these coefficients are significantly different from 0. The highly signifi­
cant regression mean squares indicate that a significant portion of the 
variance in the mean performance scores of each approach can be attributed 
to changes in age. 
Table 3. Analysis of variance of the equivalence approach regression 
Source of 
variation d.f. 
Sum of 
squares 
Mean 
square F-ratio 
Due to b 
o 
1 228.41 228.41 - - -
Due to b. ,, 
^ o 
1 49.74 49.74 43.63** 
Residual 5 5.68 1.14 
Total 7 283.83 
**Significant at = .01. 
The regression coefficient calculated for the equivalence conservation 
approach is smaller than the coefficient calculated for the identity con­
servation approach. However, the difference between the regression coeffi­
cients of the equivalence conservation approach and the kinesthetic conser­
vation approach is a larger difference, and, also, the difference between 
Figure 1. Mean performance scores for conservation approaches at each 
age level with linear regression curves inserted (original 
data in Table 17, Appendix D) 
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X Equivalence 
• Identity 
o Kinesthetic 
Equivalence 
Y=+.4I + I.33X 
Identity 
Y : -.64 + 1.49 X 
Kinesthetic 
Y= -.20 + .56 X 
72.22 84.14 96.69 108.33 120.22 131.42 143.28 
Mean Age (months) 
60-61 
Table 4. Analysis of variance of the identity approach regression 
Source of Sum of Mean 
variation d.f. squares square F-ratio 
Due to b 
o 
1 198.12 198.12 - " -
Due to b. ,, 
^ o 
1 62.36 62.36 91.70** 
Residual 5 3.41 .68 
Total 7 263.89 
**Signif icant at 0(. = .01. 
Table 5. Analysis of variance of the kinesthetic approach regression 
Source of Sum of Mean 
variation d.f. squares square F-ratio 
Due to b 
o 
1 29.09 29.09 
Due to b. /, 
i/^o 
1 8.81 8.81 20.98** 
Residual 5 2.21 .42 
Total 7 40.02 
^^Significant at = .01. 
the regression coefficients of the kinesthetic conservation approach and 
the identity conservation approach is also relatively large. Thus, the 
slope of the lines for the equivalence conservation approach and the iden­
tity conservation approach are not identical but are relatively similar as 
shown in Figure 1. In examining Figure 1 and the regression coefficients, 
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it appears the major difference in trends is the kinesthetic conservation 
approach versus the identity and equivalence conservation approaches. 
Duncan's new multiple-range test provides a more detailed analysis of 
the trend profiles. The results of the tests are given in Tables 6 and 7. 
The mean performance scores calculated for each age level within each con­
servation approach are listed according to magnitude. In Table 6, those 
age levels underlined by the same line do not differ significantly with 
= .01;ck.05 was used in constructing Table 7. In Table 6, it is noted 
that for the equivalence conservation approach, there is not a significant 
difference between age levels 1 and 2 and that levels 1 and 2 differ sig­
nificantly from age level 3 and those age levels above 3. Age levels 3 and 
4 are independent of each other and all other age levels. Age levels 5, 6, 
and 7 are not significantly different from each other but do differ signifi­
cantly from age level 4 and those levels below 4. 
The identity conservation approach profile differs only slightly from 
the equivalence conservation profile. The only difference being that in 
the identity conservation approach, age levels 3 and 4 are not signifi­
cantly different. 
The profile of the kinesthetic conservation approach differs consider­
ably from the equivalence conservation approach and the identity conserva­
tion approach profiles. As shown in Table 6, age level 2 differs signifi­
cantly from age levels 5, 6, and 7 but is not significantly less than age 
levels 1, 3, or 4. Age levels 1, 3, 4, 5, and 6 are not significantly dif­
ferent. Levels 2, 1, 3, and 4 differ significantly from age level 7. Age 
levels 5 and 6 are not significantly different from level 7. 
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Table 6. Results of Duncan's new multiple-range test of age level differ­
ences within each approach with ck = «01 
Approaches Age levels 
Equivalence 1 2 2 4 6 5 7^ 
Identity 1 2 3 4 6 5 7 
Kinesthetic 2 1 3 4 6 5 7 
^Age levels underlined by the same line do not differ significantly. 
Table 7. Results of Duncan's new multiple-range test of age level differ­
ences within each approach with ok = .05 
Approaches Age levels 
Equivalence 1 Z. 1 4 6 5 7* 
Identity 1 2 3 4 6 5 7 
Kinesthetic 2 13 4 6 5 7. 
^Age levels underlined by the same line do not differ significantly. 
Tlie profiles of the equivalence conservation approach and the identity 
conservation approach trends when analyzed with ok = .05 (Table 7) are very 
similar to the profiles observed when analyzed with ck = .01 (Table 6). In 
the equivalence conservation approach trend, a significant difference 
between age levels 1 and 2 is evidenced. In the identity conservation 
approach, a significant difference is noted between age levels 3 and 4. 
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The profile of the kinesthetic conservation approach trend analyzed 
with oL = .05 (Table 7) indicates more age level differentiation than was 
noted in the profile analyzed with = .01 (Table 6). In Table 7, it is 
shown that withc^ = .05, the first four age levels, 2, 1, 3, and 4, do not 
differ significantly from each other and that age levels 2, 1, and 3 differ 
significantly from age levels 4 and 5. It is further noted that age levels 
4, 5, and 6 do not differ significantly from each other and that the last 
age level, 7, is significantly greater than the other age levels. 
The multiple-range test was also used to compare the conservation 
approaches at each age level as shown in Tables 8 and 9. Table 8 was con­
structed with = .01, and Table 9 was constructed with qIL = .05. At the 
first age level, it is noted that the three approaches are not signifi­
cantly different with either = .01 or ck = .05. At the second age level, 
the approaches do not differ significantly with ^  = .01, but with (])iv = .05, 
the kinesthetic conservation approach is significantly less than the equiv­
alence conservation approach. There is not a significant difference 
between the equivalence conservation and the identity conservation 
approaches or the identity conservation and the kinesthetic conservation 
approaches. At the remaining five age levels (3, 4, 5, 6, and 7), the kin­
esthetic conservation approach scores are significantly less (with dk = .01 
and with = .05) than the equivalence conservation and the identity con­
servation approaches. Tliere is not a significant difference between the 
equivalence conservation approach and the identity conservation approach at 
these age levels with either = .01 or Ok = .05. 
The data reported in this section support the hypothesis of no differ­
ence between the performance trends observed with the equivalence conserva-
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Table 8. Results of Duncan's new multiple-range test of approach differ­
ences at each age level with = .01 
Age levels Approaches 
1 K I E^ 
2 K I E 
3 K I E 
4 K I E 
5 K E I 
6 K I E 
7 K E I 
^Approaches underlined by the same line do not differ significantly. 
Table 9. Results of Duncan 's new multiple-range test of approach differ-
ences at each age level with ck = .05 
Age levels Approaches 
1 K I E^ 
2 K I E 
3 K I E 
4 K I E 
5 K E I 
6 K I E 
7 K I E 
^Approaches underlined by the same line do not differ significantly. 
tion approach and the identity conservation approach. Further, the data 
provide sufficient evidence to reject the hypothesis of no difference 
between the performance trends observed with the kinesthetic conservation 
approach and with the equivalence conservation approach and to reject the 
hypothesis of no difference between the performance trends observed with 
the kinesthetic conservation approach and with the equivalence conservation 
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approach and to reject the hypothesis of no difference between the perform­
ance trends observed with the kinesthetic conservation approach and with 
the identity conservation approach. Therefore, no differences were found 
between the two approaches based on visual cues (equivalence and identity), 
and these approaches were found to differ significantly from the approach 
based on kinesthetic cues (kinesthetic). 
Distribution of Responses 
The analysis conducted in the preceding section concerning the effects 
of age, sex, and conservation approach was based on total approach scores 
which were the summation of subtest scores. The subtest scores were deter­
mined by the level of understanding represented in the responses. The 
scores were weighted so that responses containing the highest level of 
understanding received four points while those containing the lowest 
received zero points. As a result of the weighted scores, the distribution 
of responses given at each age level for each approach according to the 
level of understanding (Table 10) is very similar as to what would be pre­
dicted from the results reported in the preceding section. At each age 
level, a similar distribution for the equivalence conservation approach and 
the identity conservation approach is found. The distribution of responses 
presented in the kinesthetic conservation approach is similar to the dis­
tributions found in the equivalence and identity conservation approaches 
only at the first two age levels. In the remaining five age levels, the 
responses given for the equivalence conservation approach and the identity 
conservation approach represent higher levels of understanding than is 
found in the kinesthetic conservation approach. 
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Table 10. Percent of responses within each of the three conservation 
approaches assigned to each of the five levels of understanding 
at seven successive age levels (N = 108 responses/approach/age 
level) 
Age Levels of understanding^ 
levels Approaches 1 2 3 4 5 
1 E 77 0 14 5 6^ 
I 88 0 8 2 3 
K 86 0 13 0 1 
Age level total 84 0 12 2 3 
2 E 85 0 3 7 5 
I 82 0 6 9 5 
K 89 0 8 3 2 
Age level total 83 0 6 5 6 
3 E 63 0 3 8 26 
I 64 0 2 15 26 
K 87 0 10 0 3 
Age level total 70 0 5 7 18 
4 E 36 0 13 25 31 
I 45 0 6 27 30 
K . 76 0 15 1 7 
Age level total 53 0 10 17 23 
5 E 7 0 10 29 47 
I 21 0 6 31 42 
K 69 0 14 5 16 
Age level total 35 0 6 21 36 
6 E 28 0 4 18 55 
I 25 0 4 26 48 
K 68 0 18 1 14 
Age level total 40 0 8 15 40 
7 E 18 0 4 20 64 
I 18 0 4 20 62 
K 53 0 20 3 25 
Age level total 30 0 9 14 51 
^1-Nonconserving statement - Ambiguous or Perceptual explanation. 
2-Nonconserving statement - Symbolic or Symbolic-logical explanation­
s-Conserving statement - Ambiguous or Perceptual explanation. 
4-Conserving statement - Symbolic explanation. 
5-Conserving statement - Symbolic-logical explanation. 
^Total percents may exceed 100 as those responses lacking rater agree­
ment were counted at two levels. 
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At age levels 1, 2, and 3, the majority of responses given for the 
equivalence conservation approach and the identity conservation approach 
were assigned to the first level of understanding (Nonconserving statement 
with an Ambiguous or Perceptual explanation). An even distribution of 
responses between the first level of understanding, which contains 
responses with Nonconserving statements, and the last three levels of under­
standing, which contain responses with Conserving statements, is found at 
age level 4. The majority of responses at age levels 5, 6, and 7 contain 
Conserving statements. An increase in the frequency of Symbolic and Sym­
bolic-logical explanations of Conserving statements (levels of understand­
ing 4 and 5, respectively) is noted with an increase in age and is accom­
panied by a decrease in the percent of Ambiguous and Perceptual explana­
tions of Conserving statements (level of understanding 3). 
The general trends reported for the equivalence and identity conserva­
tion approaches also apply to the kinesthetic conservation approach though 
not as much change is noted between age levels. In the kinesthetic conser­
vation approach at age level 1, 86 percent of the responses were classified 
as representing the lowest level of understanding. At age level 7, 53 per­
cent of the responses were classified at the lowest level versus 18 percent 
for the equivalence and identity conservation approaches. The decrease in 
responses at level 3 that was noted in the equivalence and identity conser­
vation approaches is not present in the kinesthetic conservation approach. 
Of the 2,268 responses given by the 252 subjects in the three conserva­
tion approach situations, not one response met the criteria for inclusion 
in Level 2 (Nonconserving statement - Symbolic or Symbolic-logical explana­
tion) . 
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Samples of the responses given by the subjects are reported in Appen­
dix C according to the level of understanding to which they were assigned. 
The Effect of Order 
The subjects within both sex groups at each age level were randomly 
assigned an order number indicating the order in which the conservation 
approaches would be presented to them. There were six possible orders. 
The approaches in the order they were presented for each order number are 
listed in Table 11. 
The analysis of variance calculations based on the approach total 
scores in Table 18, Appendix D, are summarized in Table 12. As indicated 
in Table 12, the F-ratio (F = 23.29/24.87 = .94) calculated for the order 
effect is not significant (.94<F^ 05)(5)(10) ~ 2.21). The nonsignificant 
mean square shows that the average performance over the three approaches is 
not significantly different for the different orders. The F-ratio for the 
order x age interaction (F = 24.27/24.87 = .98) failed to reach signifi­
cance (.98<F^ 05)(30)(210) ~ ^ '^S) as did the F-ratio for the age x order x 
approach interaction (F = 6.16/7.82 = .80; .80<F^ 05)(60)(420) ~ l-*32). 
The significant mean squares associated with the age effect, the approach 
effect, and the age x approach interaction were reported in the first sec­
tion. 
The order x approach interaction F-ratio (F = 15.68/7.82 = 2.00) is 
significant with = .05 (2.00>F^ 05)(10)(420) ~ 1*83) as shown in 
Table 12. The significant order x approach interaction indicates that the 
orders do not affect each of the three approaches in the same manner. 
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Table 11. Order of approach presentation for each order number 
Order 
numbers Orders of approach presentation 
1 Identity Kinesthetic Equivalence 
2 Equivalence Kinesthetic Identity 
3 Equivalence Identity Kinesthetic 
4 Kinesthetic Equivalence Identity 
5 Identity Equivalence Kinesthetic 
6 Kinesthetic Identity Equivalence 
Table 12. Analysis of variance to test the effects of order. age, and con-
servation approach 
Sum of Mean 
Source of variation d.f. squares square F-ratio 
Age 6 4084.21 680.70 27.37** 
Order 5 116.44 23.29 .94 
Order x age 30 728.24 24.27 .98 
Error (a) 210 5224.26 24.87 
Approach 2 2042.88 1021.44 130.62** 
Age X approach 12 607.34 50.61 6.47** 
Order x approach 10 156.83 15.68 2.00* 
Age X order x approach 60 369.75 6.16 .80 
Error (b) 420 3286.25 7.82 
Total 755 16616.20 
**Significant at ck = .001. 
^Significant at dv, = .05. 
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To illustrate the significant order x approach interaction, the curves 
for each approach were plotted (Figure 2). The primary difference noted in 
the curves is the peak in the equivalence conservation approach and in the 
identity conservation approach curve versus the absence of a peak in the 
kinesthetic conservation approach curve. 
A more detailed description of the curve profiles results from the 
calculation of Duncan's new multiple-range test. The results of the tests 
are given in Tables 13 and 14. In Table 13, those orders not underlined by 
the same line are significantly different with dv = .05. For the equiva­
lence and identity conservation approaches, the scores received with order 
2 (equivalence, kinesthetic, identity) are significantly greater than the 
scores received by the other orders. There were no significant differences 
among orders with the kinesthetic conservation approach. Slightly differ­
ent results appear in Table 14 when the differences were tested with 
= .01. With this level of significance, order 2 (equivalence, kines­
thetic, identity) is significantly different from only orders 3 and 6 
(equivalence, identity, kinesthetic; kinesthetic, identity, equivalence, 
respectively) in the equivalence conservation approach. In the identity 
conservation approach, order 2 is significantly greater than all other 
orders with the exception of order 4 (kinesthetic, equivalence, identity). 
Once again no significant differences among orders were reported in the 
kinesthetic conservation approach. 
Terminology Test 
The percentage of failures to correctly identify the tested rational 
terms "more", "same", and "less" at each age level is reported in Table 15. 
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Equivalence 
N, Identity 
Kinesthetic 
1 1 1 1 1 1 
12 3 4 5 6 
Order 
Mean performance score for each order with each conservation 
approach (original data in Table 19, Appendix D) 
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Table 13. Results of Duncan's new multiple-range test of order differences 
for each approach with = .01 
Approaches Orders 
Equivalence 3 6 4 1 5 2^ 
Identity 1 6 5 3 4 2 
Kinesthetic 2 4 5 3 ô 1 
^Orders underlined by the same line do not differ significantly. 
Table 14. Results of Duncan's new multiple-range test of order differences 
for each approach with = .05 
Approaches Orders 
Equivalence 3 6 4 1 5 2* 
Identity 1 6 5 3 4 2 
Kinesthetic 2 4 5 3 6 1 
^Orders underlined by the same line do not differ significantly. 
As noted in this table, the largest percent of failures occurred with age 
level 1. "Less" was the term most frequently missed by age level 1. "More" 
was second in frequency and "same" least often. Age level 2 missed "same" 
most frequently and "less" second. There were no failures with the term 
"more" at this age level. "Same" was the only term missed at age level 3. 
No failures occurred in age levels 4, 5, 6, or 7. When averaged across all 
age levels, "less" was missed most frequently, "same" second, and "more" 
least often. 
74 
Table 15. Percent of responses scored as failures in the terminology test 
at each of the seven successive age levels listed according to 
term 
Age levels 
1 2 3 4 5 6 7 
Number tested at each age level Total 
Terms 50 40 38 36 36 36 36 272 
Less 22 2 4 
(number of failures) (11) (1) (12) 
Same 2 8 5 2 
(1) (3) (2) (6) 
More 8 - mm 2 
(4) (4) 
A discussion of the major results reported in this chapter, to include 
the failure to reject the hypothesis of no difference between the perform­
ance trends observed with the equivalence conservation approach test and 
the identity conservation approach test, the rejection of the hypothesis 
of no difference between performance trends observed with the kinesthetic 
conservation approach test and with the equivalence conservation approach 
test and the rejection of the hypothesis of no difference between the per­
formance trends observed with the kinesthetic conservation approach test 
and the identity conservation approach test, plus the distribution of 
responses, the effect of presentation order, and the frequency of terminol­
ogy task failures will be presented in the next chapter along with educa­
tional implications and suggestions for further research. 
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DISCUSSION 
The influence of two variations in the classical conservation of 
weight test situation on the expressed level of understanding of the con­
servation of weight concept was investigated in this study. The first 
variation was that of conservation form, identity versus equivalence. The 
analysis of data resulted in a failure to reject the first hypothesis. 
There is no significant difference between the performance trends observed 
with the equivalence conservation approach test and with the identity con­
servation approach test. The second variation was in the perceptual modal­
ity through which the transformations were perceived, visual versus kines­
thetic. The second hypothesis, there is no significant difference between 
the performance trends observed with the kinesthetic conservation approach 
test and with the equivalence conservation approach test, and the third 
hypothesis, there is no significant difference between the performance 
trends observed with the kinesthetic conservation approach test and with 
the identity conservation approach test, were rejected. 
The responses provided by the subjects in the kinesthetic conservation 
approach test represented lower levels of understanding than the responses 
presented in the identity and equivalence conservation approach tests. The 
effect of the order in which the conservation approaches were presented to 
the subjects and the frequency of terminology task failures were also 
investigated. Because the data analysis was based on approach total scores, 
the trends of subject performance on the conservation approach subtests are 
not known. 
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The discussion presented in this chapter is based on past research, 
present findings, and possible assumptions leading to further research. 
Conservation Approaches 
In the study of the empirical factor substance using discontinuous 
testing material. Hooper (1969) reported evidence of the developmental vari­
ation between the identity and equivalence forms of conservation as hypoth­
esized by Elkind (1967). According to the results of Hooper's study, iden­
tity conservation emerges prior to equivalence conservation with the 
greatest degree of developmental variation occurring among subjects at the 
kindergarten grade level. The development of the conservation of weight 
concept lags behind the development of the conservation of substance con­
cept. Therefore, the period of maximum variation between the two conserva­
tion forms, when based on the empirical factor weight, would be expected to 
occur in the performance of the seven-year-old subjects. 
In the study presently under investigation, the levels of understand­
ing represented in the responses provided by the subjects in the equivalence 
conservation approach test situation did not differ significantly from the 
responses provided in the identity conservation approach test situation at 
the second age level (84.14 months) or at any of the other age levels 
tested. It should be noted that Hooper's (1969) study varies from the 
present study not only in the empirical factor assessed and in the testing 
material but also in the experimental design. In the study by Hooper, the 
subjects were randomly assigned to one of three possible conservation test 
situations, and the responses provided by the subjects of the various 
groups were compared. The present study provides a more rigorous test of 
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the developmental variation in that it is based on a repeated measures 
design in which each subject was observed in three different test situa­
tions. The responses provided by each subject in the three different test 
situations were then compared. 
The results of the present study.do not support Elkind's (1967) theory 
of developmental variation between the identity form of conservation and 
the equivalence form of conservation. Rather, the results lend support to 
the conclusion that for the empirical factor weight, identity conservation 
is not an earlier developmental acquisition than equivalence conservation. 
The results suggest that the mental operations needed for the two forms of 
conservation emerge simultaneously as contended by Piaget (1968b). 
The investigator recognizes the possibility that the developmental 
variation hypothesized by Elkind (1967) and observed by Hooper (1969) may 
exist in the development of the conservation of weight concept and that 
this variation was not detected by the selected tests or was hidden by the 
manner of subject grouping. But it appears that for the tests of conserva­
tion of weight used in this study, conservation form has no effect on the 
level of understanding of the conservation of weight concept expressed by 
the subjects. 
Evidence supporting the assumption that the identity conservation 
approach test and the equivalence conservation approach test used in the 
present study assess the subject's understanding of the conservation of 
weight concept as defined by Piaget and Inhelder (1962) is found in the 
analysis of the performance trends observed with the two approach tests. 
The difference between the performance scores of the subjects at age levels 
5, 6, and 7 (120.22 months, 131.42 months, and 143.28 months, respectively) 
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and the performance scores of the subjects in age levels 4 (108.33) and 
below was found to be highly significant. This finding follows the pattern 
reported by Piaget and Inhelder (1962) in which the conservation of weight 
concept emerges between ages nine and ten years. Similar results are 
reported in the study by Uzgiris (1964). 
The analysis of subject performance on the equivalence conservation 
approach test and the identity conservation approach test, according to the 
type of explanations given for conserving statements, also follow the pat­
terns evidenced in previous studies (Elkind, 1961a; Smedslund, 1961; Piaget 
and Inhelder, 1962; Hooper, 1969). With an increase in the age of the sub­
jects, the number of Symbolic and Symbolic-logical explanations was found 
to increase. The number of Ambiguous and Perceptual explanations was 
found to decrease. The progressive changes in the explanations provides 
evidence of the limitations of the mental processes present during the pre­
operational stage of cognitive development and the improvements occurring 
during the concrete operational stage of cognitive development. At the 
concrete operational stage, the child has developed sufficient cognitive 
structures allowing him not only to analyze correctly a situation he has 
observed but, in addition, state general principles which are applicable to 
situations other than the one directly observed. 
It is interesting to note that not one of the 2248 responses provided 
by the 252 subjects fit the criteria for inclusion in the second level of 
understanding, a Nonconserving statement with a Symbolic or Symbolic-logical 
explanation. Four responses out of 108 responses received in the pilot 
test met the criteria for inclusion in this level. They were provided by a 
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seven-year-old boy who Insisted that particles of "Play Doh" were removed 
whenever the piece of "Play Doh" was touched. 
The difference between the mean performance scores of the males and 
females was not found to be significant for either the equivalence conser­
vation approach test or the identity conservation approach test. This 
finding concurs with the results reported by Uzgiris (1964) and Goldschmid 
(1967). In both studies, the males and females did not differ signifi­
cantly in their understanding of the conservation of weight concept. 
The two conservation approach tests discussed above, equivalence and 
identity, are similar in that the transformations performed on the objects 
were perceived through the visual modality. The third test of the conser­
vation of weight concept kinesthetic conservation approach test was 
designed in such a fashion that the transformations were perceived through 
the kinesthetic modality rather than the visual modality. 
The analysis of variance revealed that the performance scores received 
by the subjects on the equivalence and identity conservation approach tests 
were higher than the performance scores received by the subjects on the kin­
esthetic conservation approach test and that the difference was highly sig­
nificant. Highly significant differences were noted between the perform­
ance scores at age levels 3, 4, 5, 6, and 7. The responses provided in the 
equivalence and identity conservation approach test situations represented 
higher levels of understanding than the responses provided in the kines­
thetic conservation approach test situation. No significant differences 
(with = .01) were noted between the conservation approach tests at age 
levels 1 and 2. 
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The influence of a variation in the perceptual modality on the 
observed rate of development of the conservation of weight concept has not 
been discussed previously in a reported study. Piaget and Inhelder (1962) 
made reference to the influence of the kinesthetic modality on the develop­
ment of the conservation of weight concept in a discussion of the initial 
egocentricism of the notion of weight. The projection of subjective inter­
pretations of sensory experiences was believed to cause a delay in the 
development of the concept. 
From the results of the present study, it appears that Piaget under­
estimated the influence of the kinesthetic modality on the development of 
the conservation of weight concept. To give a conserving response in the 
test situations designed by Piaget (Piaget and Inhelder, 1962), it was 
necessary for the subjects to overcome the conflict of logical knowledge of 
equality and the visual appearance of inequality which was accompanied by 
the memory of subjective interpretations of kinesthetic sensations. In the 
kinesthetic conservation approach test, it was necessary for the subjects 
to overcome the conflict of logical knowledge of equality and the immediate 
kinesthetic appearance of inequality in order to give a conserving response. 
Even with the cue of no change in the visual appearance of the object, the 
kinesthetic conservation approach test proved much more difficult than the 
equivalence conservation approach test or the identity conservation 
approach test. Thus it appears that at ages nine and ten years when the 
concept of conservation of weight emerges, according to Piaget (1968a), the 
egocentric obstacle is not fully overcome but rather its influence is 
reduced because the kinesthetic sensations are not an immediate factor in 
the test. As shown in the present findings, the subject who is able to 
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conserve in the identity conservation approach test and the equivalence 
conservation approach test finds it considerably more difficult to conserve 
when the kinesthetic sensations are emphasized in the test situation, as is 
done in the kinesthetic conservation approach test. In fact, at age level 
7 (143.28 months), 53 percent of the subjects gave nonconserving statements 
in the kinesthetic conservation approach test compared to 18 percent in the 
identity and equivalence conservation approach tests. The lower level of 
performance observed with the kinesthetic conservation approach is also 
noted in the explanations given by the subjects for Conserving statements. 
At age level 7, nearly one-half of the Conserving statements were explained 
with Perceptual or Ambiguous explanations. The Conserving statements in 
the equivalence and identity conservation approach test were explained pri­
marily with Symbolic and Symbolic-logical explanations. 
The difference in the performance scores on the kinesthetic conserva­
tion approach test between age levels 6 and 7 is highly significant. With­
out observing the performance of subjects who are over 12 years old, it is 
impossible to determine if the performance observed at age level 7 repre­
sents a developmental plateau or if the level of performance continues to 
increase. 
No significant differences were noted in the performance scores of the 
males and females on the kinesthetic conservation approach test. 
The assumption that the kinesthetic conservation approach test asses­
ses the level of understanding of the conservation of weight concept is 
believed to be justified in that the identified critical factors of test 
design (such as labels, question procedure, testing material characteris­
tics, and scoring criteria), with the exception of, perceptual modality, are 
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identical to those used in the equivalence and identity conservation 
approach tests. 
The order in which the three conservation approaches were presented 
apparently had no influence on the subject's performance on the kinesthetic 
conservation approach test. The performance scores received by the sub­
jects on the kinesthetic conservation approach test in the six different 
presenting orders were not significantly different. The performance scores 
on the identity conservation approach test and the equivalence conservation 
approach test were significantly higher for those subjects who were 
assigned to presentation order 2. 
In order 2, the identity conservation approach test was presented last 
to the subjects. With = .05, the performance score on the identity con­
servation approach test in order 2 was significantly greater than the iden­
tity conservation approach scores received by subjects in the other five 
presentation orders. But with = .01, the identity conservation approach 
performance score in order 2 is significantly different from the scores 
only in orders 1, 3, 5, and 6 and not order 4. In order 4, the identity 
conservation approach test is presented last as in order 2. Therefore, it 
appears that there is a tendency for the subject's performance on the iden­
tity conservation approach test to be improved by prior experience with the 
equivalence conservation approach test and the kinesthetic conservation 
approach test. 
With respect to the equivalence conservation approach test, the high 
scores received by the subjects assigned to order 2 appears to be more 
related to the ability of the subjects assigned to the order rather than a 
factor of presentation order. In presentation order 2, the equivalence 
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conservation approach test was presented first to the subjects. It was 
presented first to the subject in order 3, also. Yet, the difference in 
the performance scores of the subjects assigned to order 2 and 3 was found 
to be highly significant. 
The nonsignificant age x order x approach interaction reported in the 
present findings indicates that, for the selected tests, experience with 
the identity conservation approach test did not improve performance on the 
equivalence conservation approach test at some age levels while restricting 
performance at other age levels as reported by Bruner (1967). 
The results suggest that the order in which the tests are presented to 
the subjects has no effect on the level of performance except for the noted 
tendency for performance on the identity conservation approach test to be 
greatest when it is presented after the equivalence conservation approach 
test and the identity conservation approach test. 
The failures noted in the terminology test differ from the reports of 
studies by Griffiths et al. (1967) and Northman and Gruen (1970). 
Griffiths et^ a^. (1967) report that in their study, children between the 
ages of 49 months and 62 months had the most difficulty with the term 
"same". In the present study, "less" was the term missed most frequently 
by the subjects in age level 1 (72.22 months). Northman and Gruen (1970) 
report that for a tested group of second and third graders, the term "less" 
caused the most confusion. In the present study, "same" was the term found 
to be most difficult for subjects in age level 3 (96.69 months), and no 
failures were recorded at age level 4 (108.33 months). In spite of the 
various results noted in the reported studies, it is evident that not all 
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children between the ages of five years and nine years have an accurate 
functional understanding of the rational terms "more", "same", and "less". 
Educational Implications 
In discussing the educational implications of the findings reported in 
this study, it is interesting to look at those aspects of the educational 
program presented at Rolling Green Elementary School most directly related 
to the development of the conservation of weight concept. In grades kin­
dergarten, first, and second, the children are instructed on the meaning of 
the terms "same", "more", and "less". It appears that most of the instruc­
tion is based on the empirical factor amount and that noncontinuous visual 
material is used. According to the teachers, the terms were not used in 
conjunction with the empirical factors weight or volume or with amounts of 
continuous material- Even though the instruction was limited to specific 
tasks, the majority of the children tested in this study were able to apply 
the terms to the empirical factor weight. The ability to use the terms to 
compare weight appears to be the result of cognitive growth and experiences 
found within and outside the formal educational program. 
Instruction on the concept of weight is not introduced into the cur­
riculum until the third grade. The activities at this grade include having 
the children weigh themselves, learning the terms used in weight measure­
ment, and becoming acquainted with the conservation of weight units. 
Instruction on the conversion of weight units continues into the fourth, 
fifth, and sixth grades. The learning experiences at these grades are 
centered around paper-pencil activities. At no grade level is instruction 
on the concept of conservation of weight formally presented. According to 
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the results of the present study, the concept of equivalence conservation 
of weight and identity conservation of weight emerges around the fourth 
grade. The introduction of weight unit conversions parallels the emergence 
of the conservation of weight concept. It is appropriate to introduce 
weight unit conversions at this time as the ability to conserve weight 
greatly assists in the manipulation and conversion of weight units. 
As mentioned above, the classroom activities related to the concept of 
weight are primarily of a paper-pencil nature. The teachers report that 
activities involving the manipulation of weights are not included in the 
instructional program. It is of particular interest to note that in the 
present study, the majority of the children at all age levels tested had 
more difficulty with the kinesthetic conservation approach test than with 
those approach tests based on the visual modality (equivalence and identity 
conservation approach tests). The knowledge used to successfully conserve 
in the identity conservation approach test and the equivalence conservation 
approach test was not readily generalized to the kinesthetic conservation 
approach test situation. The investigator suggests the possibility that 
the addition of manipulative activities into the instruction of the concept 
of weight may assist children in developing a concept of conservation of 
weight which would have increased, applicability to physical experiences as 
well as mental experiences. 
Research Implications 
Implications for further research are reported below; 
1. Repetition of the study with another group of children considering 
ethnic, racial, and other heterogeneous groups. 
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Comparison of performance trends on the equivalence conservation 
approach test and the identity conservation approach test with age 
levels representing six-month intervals rather than 12-month 
intervals. 
Reliability of the kinesthetic conservation approach test and the 
identity conservation approach test. 
Exploration of rater reliability in scoring responses according to 
the stated definitions. 
Upward extension of the age levels to further observe the perform­
ance trends of the kinesthetic conservation approach. 
Exploration of the influence of practice with manipulative activi­
ties on the level of performance observed with the conservation 
approach tests. 
Further exploration of the influence of the kinesthetic modality 
on the expressed level of understanding through variations in the 
kinesthetic conservation approach test design. 
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SUMMARY 
The purpose of this study was to investigate the influence of two vari 
ations in the classical conservation of weight test situation on the level 
of understanding expressed by the subjects and to determine if these vari­
ations resulted in the observance of significantly different rates of con­
cept development. The variations investigated were conservation form 
(equivalence versus identity) and perceptual modality (visual versus kines­
thetic) . 
The 252 children who participated in the study were in attendance at 
Rolling Green Elementary School, Urbandale, Iowa. They represented seven 
age levels (mean ages; 72.22 months to 143.28 months). For participation 
in the study, it was necessary for the subjects to successfully meet two 
sets of criteria. The first set of criteria was concerned with the educa­
tional background and mental and physical health of the subjects. The sec­
ond set of criteria assessed the subject's functional understanding of the 
rational terms "more", "same", and "less". 
Each subject was requested to participate in three conservation 
approach test situations; equivalence, identity, and kinesthetic. In the 
equivalence conservation approach test, the subjects were asked to compare 
the weight of two originally identical objects after the shape of one of 
the objects had been altered. In the identity conservation approach test, 
the subjects were asked to comment on the weight of an object as observed 
in its original and altered condition. In the kinesthetic conservation 
approach test, the subjects were asked to comment on the weight of an 
object after holding the object in two different positions which produced 
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an illusion of an apparent difference in the weight of the object that they 
were asked to hold. The responses provided by the subjects in the three 
test situations were scored according to the level of understanding 
expressed in the response. 
An analysis of the performance scores failed to provide evidence of 
significant differences between the levels of understanding expressed in 
the equivalence and identity conservation approach tests at any of the age 
levels tested. Highly significant differences were noted between the per­
formance scores provided in the conservation approach tests requiring use 
of the visual modality (equivalence and identity) and the kinesthetic con­
servation approach test requiring use of the kinesthetic modality. At age 
levels 3, 4, 5, 6, and 7, the responses provided in the equivalence and 
identity conservation approach tests represented higher levels of under­
standing than the responses provided in the kinesthetic conservation 
approach test. No sex differences were noted in subject performance on any 
of the three conservation approach tests. 
The order in which the tests were presented to the subjects appeared 
to have no influence on the performance scores received by the subjects on 
the equivalence and kinesthetic conservation approach tests. A tendency 
was noted for performance scores on the identity conservation approach test 
to be highest when it is presented after the equivalence and kinesthetic 
conservation approach tests. 
Terminology test failures were recorded at age levels 1, 2, and 3. 
The term "less" was missed most frequently. 
In the discussion of the findings, aspects of the educational program 
providing instruction on the concept of weight were discussed in relation 
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to the development of the conservation of weight concept as observed with 
the three conservation approaches presented to the subjects. In addition, 
suggestions for further investigations of the influence of conservation 
form and perceptual modality on the level of understanding expressed by the 
subjects were presented. 
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APPENDIX A; RESPONSE RECORD SHEET 
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name number 
date IQ 
age birthdate 
father's occupation 
Terminology test 
M 
Conservation tests 
1. I K E 
statement: M 
explanation: 
2. I K E 
statement: M S L 
explanation: 
3. I K E 
statement: M 
explanation: 
4. I K E 
statement: M 
explanation: 
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I K E  
statement: M_ 
explanation: 
6. 1 K E 
statement: M 
explanation: 
7. I K E 
statement: M S L 
explanation: 
8 .  I K E  
statement: M S L 
explanation: 
9. I K E 
statement: M S L 
explanation: 
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APPENDIX B. RATER TRAINING MANUAL AND SAMPLE 
CLASSIFICATION SHEETS 
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Three Approaches to Assessing the Conservation 
of Weight Concept: Rater Training Manual 
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Introduction: 
In this study, 252 children between the ages of five years and 12 years 
were asked to respond to test situations designed to assess their under­
standing of the conservation of weight concept. Three different test situa­
tions were employed. The equivalence conservation approach test consisted 
of two qualitatively and quantitatively equivalent pieces of "Play Doh". 
After the subject agreed to the equivalency of the "Play Doh" pieces, one 
piece was altered to a different shape. The subject was then asked if the 
altered piece weighed more, the same, or less than the unaltered piece and 
to provide an explanation for his statement. In the identity conservation 
approach test, the subject observed a piece of "Play Doh" being altered to 
a different shape. The subject was then asked if the piece of "Play Doh" 
weighed more, the same, or less after the alteration than before the alter­
ation. The subject was then asked to give an explanation. The third con­
servation approach test, kinesthetic, employed the use of blocks of wood. 
Tlie subject held each block of wood in two different positions and was 
asked to determine if the weight of the block changed (more or less) from 
one position to the other or if the weight of the block remained the same. 
The subject was then asked to explain his statement. There were three sub­
tests in each test situation. Therefore, a total of nine sets of responses 
were requested from each subject. 
Responses: 
Each response consists of two parts, a statement and an explanation of the 
reasoning behind the given statement. The statement given by the subject 
is one of three value judgments (more, same, or less) depending upon 
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•whether the subject views the weight of the object as being conserved or 
altered through the transformation. The explanations given by the subjects 
are classified as Ambiguous, Perceptual, Symbolic, or Symbolic-logical, 
depending on the level of abstraction illustrated in the explanation. The 
highest level of abstraction is illustrated in the Symbolic-logical expla­
nations. The Symbolic explanations represent the second highest level of 
abstraction, the Perceptual explanations the third, and the Ambiguous expla­
nations the lowest level of abstraction. 
Definitions: 
Conserving statement (C): Same; the weight of the object remained the same. 
Nonconserving statement (NC); More or less; the weight of the object was 
altered. 
Ambiguous explanation (A): An explanation of the preceding statement which 
indicates the subject is either unable or unwilling to explain the 
reasoning used to arrive at the given statement and/or emphasizes 
extraneous observations or irrelevant material to support that state­
ment . 
Perceptual explanation (P): An explanation of the preceding statement 
which gives evidence of the subject's dependency on either visual or 
kinesthetic perceptual cues. The explanation is strictly a verbaliza­
tion of the perceptual cues perceived by the subject. 
Symbolic explanation (S); An explanation of the preceding statement which 
emphasizes factors relevant to the conservation of weight concept but 
is limited in that it focuses on the alterations taking place in a 
specific test situation. 
Symbolic-logical explanation (S^): An explanation of the preceding state­
ment which presents, in general terms, those factors relevant to the 
conservation of weight concept by stating that matter had or had not 
been added or subtracted by noting identity or by making reference to 
necessity. 
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I 
Sample Classification Sheets 
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Directions: This booklet contains the responses given by the subjects when 
asked to comment on the weight of the manipulated objects. 
The responses are reported exactly as stated by the subjects. 
Each response is to be rated twice, first, as to whether the 
statement is conserving (C) or nonconserving (NC) and, second, 
according to the level of understanding most accurately illus­
trated in the explanation (Ambiguous - A, Perceptual - P, 
Symbolic - S, or Symbolic-Logical - S^). Indicate your ratings 
by placing a mark in the appropriate columns. In those 
responses in which two or more explanations are presented, 
rate the response according to the highest level of understand­
ing illustrated in that response. 
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Code 
P0721 
P0521 
P1133 
P1033 
P0211 
P09I1 
P0121 
P1221 
P0811 
P0311 
P0732 
P051I 
P1121 
PlOIl 
Name 
State­
ment 
Date 
more 
less 
more 
same 
P0433 same 
more 
less 
less 
less 
P0633 same 
same 
Sample #1 
NC-Nonconserving A-Ambiguous 
C-Conserving P-Perceptual 
S-Symbolic 
S_-Symbolic-Logical 
Rating 
Explanation NC C A P S IS^ 
same Because there is the same amount of "Play 
Doh" there no matter what you do with it. 
Two hands have more force than one hand. 
Because both hands have more energy than 
one hand. 
same Because you Just smashed one. 
Because all you did was flatten it, 
didn't take any off or on. 
It feels less, but I think it weighs the 
same. 
Cause you flattened it out. 
Round things weigh more than flat things. 
It has more weight cause it's flattened 
down. 
When you hold it with one hand, it 
doesn't mean it is going to shrink with 
both hands. 
same Same block of wood. 
less When you flatten it out, it's lighter. 
same It was a plain ball, and you just flat­
tened it out; it is the same. 
P0231 less Not as heavy with two hands. 
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Name Date NC-Nonconserving A-Ambiguous 
C-Conserving P-Perceptual 
S-Symbolic 
S_-Symbolic-Logical 
State- Rating 
Code ment Explanation NC C A P S 
P0921 same Because you didn't add any or take any 
away. 
P0411 same Cause you didn't add or take off any; you 
just flattened it 
P0132 more If I have it in two hands, it's not as 
heavy. 
P1211 less Round weighs more than if it is skinny. 
P0831 more 
P0321 less Because it is bigger. 
P0621 same Well, it's the same piece of "Play Doh"; 
it's not going to change, you know. 
P0713 same Because even though you broke it up, it 
is still the same amount of matter. 
P0533 more Because two hands has more; one hand has 
less. 
P1113 less Pieces weigh less than the big one. 
P1023 same It was a ball; you just ripped it apart. 
P0223 less Because it gets off, you know. 
P0933 same It felt easier with two hands but still 
the same. 
P0423 same You just took it apart. 
P0113 more Cause you pulled it in two pieces; the 
other is in a little ball. 
P1233 more Two hands can hold more than one hand. 
P0823 less Cause it is torn up in pieces. 
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Name Date NC-Nonconserving A-Ambiguous 
C-Conserving P-Perceptual 
Code 
State­
ment Explanation 
S-Symbolic 
-Symbolic-Logical 
Rating 
P0333 less Cause its got more to it; it's bigger. 
P0613 same All you did was take it in pieces ; they 
both weigh the same. 
NC 
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Sample #2 
Name Date NC-Nonconserving A-Ambiguous 
C-Conserving P-Perceptual 
S-Symbolic 
Sj.-Symbolic-Logical 
State- Rating 
Code ment Explanation rNC Ç A P S 
P0723 same Because there is still that much "Play 
Doh"; you just broke it up. 
P0523 same There's a lot of them. 
P1131 same Because it is lighter. 
P1032 less Because both hands have more energy than 
one hand. 
P0213 less When you tear, a little gets off. 
P0913 same Cause you just separated it; it is still 
the whole ball if you put it together. 
P0432 more Cause I'm only holding it with one hand, 
it feels heavier. 
P0123 more Cause you rolled them out and broke them 
in pieces. 
P1223 same Just as much as you had before. 
P0813 more Cause it's heavier. 
P0313 less Because it has more pieces. 
P0631 same When you hold it with one hand, it 
doesn't mean it is going to shrink with 
both hands. 
P0731 same Same block of wood. 
P0513 more Because there is a lot of them. 
P1123 less Because it is in different pieces. 
P1013 same You just ripped it apart; it was the 
same. 
P0232 l,ess Because you have more muscles. 
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Name 
Code 
P0131 
P1213 
P0832 
P0323 
State­
ment 
P0923 same 
P0413 same 
P0532 
P022L 
P0931 
P0421 
POlll 
P1232 
more 
same 
more 
less 
P0623 same 
P0711 same 
more 
Pllll less 
P1021 same 
less 
same 
same 
same 
more 
Date NC-Nonconserving A-Ambiguous 
C-Conserving P-Perceptual 
S-Symbolic 
Explanation 
Because if you put it all together, it is 
the same ball. 
Because you just put it into pieces; if 
you put it together, it would be the 
same. 
If I have it in one hand, it would be 
heavier. 
If you add them all together, it would be 
the same weight. 
It was heavier. 
Because it's got more pieces than it did 
before. 
You still got all the pieces of "Play 
Doh", so it weighs the same. 
Because they weighed the same at first, 
so if you flattened it out, they weigh 
the same, same amount of matter. 
Because one hand doesn't have so many 
power as two hands does. 
Just sort of flattened out, weighs a lot 
less. 
Because you just flattened it out, it's 
just the same. 
Because it gets off, you know. 
Same, but it felt easier with two. 
You just changed the shape. 
Cause I lifted it. 
Two hands can hold more than one hand. 
S -Symbolic-Logical 
Rating 
NC 
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Name Date NC-Nonconserving Â-Âmbiguous 
C-Conserving P-Perceptual 
Code 
State­
ment Explanation 
Cause it is flatter. 
S Symbolic 
Sj^-Symbolic-Logical 
Rating 
NC 
P0821 less 
P0331 less Cause it has a handle. 
P0611 same They weighed the same in the first place. 
109 
Name 
State-
Code ment 
P0722 same 
P0522 more 
PI132 more 
P1031 same 
P0212 same 
P0912 same 
P0431 same 
P0122 more 
P1222 same 
P0812 more 
P0312 less 
P0632 same 
P0733 same 
P0512 same 
P1122 same 
P1012 more 
Date 
Explanation 
Because there is the same amount of 
"Play Doh" there no matter what you do 
with it. 
Cause it's longer. 
One hand doesn't have as much power as 
two hands. 
Sample #3 
NC-Nonconserving A-Ambiguous 
C-Conserving P-Perceptual 
S-Symbolic 
S -Symbolic-Logical 
Rating 
NC 
Because they are just in different 
shapes. 
Cause you didn't take any off or on. 
Cause it's the same weight, but you hold 
it with one or two, makes it feel differ­
ent. 
Cause you rolled it out like a worm. 
Still round. 
Cause it's heavier. 
This has more bigger things. 
When you hold it with one hand, it 
doesn't mean it is going to shrink with 
both hands. 
Same block of wood. 
Because it doesn't matter; longer or fat­
ter, they're all the same. 
Same piece of clay. 
When you roll it out, it gets longer, 
weighs more. 
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Name Date NC-Nonconserving A-Ambiguous 
C-Conserving P-Perceptual 
S-Symbolic 
S -Symbolic-Logical 
State- Rating 
Code ment Explanation Ç A P S 
P0233 more Because you don't have as much muscle 
working. 
P0922 same Because you didn't take any off or put 
any on. 
P0412 same Because you just changed the shape of it. 
P0133 more Cause if I had it in two hands, it won't 
be as heavy. 
P1212 same Because it is round, too, just in a dif­
ferent shape. 
P0833 more Cause it was heavier. 
P0322 less Because it is longer. 
P0622 same When you change it into a different 
shape, it weighs the same; if you add, it 
weighs more; if you take away, less. 
P0712 same Because they weighed the same at first, 
so if you flattened it out, they weigh 
the same, same amount of matter. 
P0531 more 
P1112 same Stays heavier in places; you didn't 
spread it out as much. 
P1022 same You just rolled it out. 
P0222 less Because it gets off, you know. 
P0932 same It felt easier with two hands but still 
the same. 
P0422 same You just changed the shape. 
P0112 more Cause you rolled it out like a worm 
again. 
Ill 
Name 
Code 
State­
ment 
Date NC-Nonconserving Â-Âmblguous 
C-Conserving P-Perceptual 
S-Symbolic 
S_-Symbolic-Logical 
Rating 
Explanation 
P1231 same 
P0822 less Cause it is rolled up. 
P0332 more Because with both hands, it doesn't push 
so much weight on it. 
P0612 same You just molded it into a different 
shape. 
NC 
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APPENDIX C: SELECTED RESPONSES LISTED ACCORDING TO 
ASSIGNED LEVELS OF UNDERSTANDING 
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Nonconserving statement - Ambiguous explanation 
More - It is more when it is out in the air. 
Less - Because it doesn't have very much weight. 
Less (no explanation) 
More - When you hold it from the top, it might drop. 
More - Two hands are stronger than one. 
- Perceptual explanation 
More - It is flat. 
More - Cause it was just too heavy. 
Less - It is smaller. 
Less - They are in pieces. 
Less - Easier with two hands. 
Nonconserving statement - Symbolic explanation 
Less - Because some gets off, you know. (Pilot study) 
- Symbolic-logical explanation 
(none presented) 
Conserving statement - Ambiguous explanation 
Same -
Same - Cause the muscles are the same. 
Same - Because it wasn't broke in half. 
Same - Because . 
Same - You can hold it just as easily as when it is round. 
- Perceptual explanation 
Same - It didn't feel any heavier. 
Same - Sort of felt like it. 
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Same - Both the same size. 
Same - A light piece, didn't strain you either way. 
Same - It looks the same size. 
4) Conserving statement - Symbolic explanation 
Same - Cause you just flattened it out. 
Same - All I did was hold it different. 
Same - It is just rounded up. 
Same - You just made it longer. 
Same - Cause it is just squished out. 
5) Conserving statement - Symbolic-logical explanation 
Same - Same "Play Doh". 
Same - They weighed the same before; you didn't add any. 
Same - It doesn't lose any weight unless some falls off. 
Same - Cause it is the same block. 
Same - You didn't take any off or put any on. 
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APPENDIX D: TABLES 
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Table 16. Total scores received by 18 male and 18 female subjects at seven 
age levels in three conservation approaches (total of three 
trials per approach) 
Conservation Conservation 
Age Sub- approaches Age Sub- approaches 
levels Sex jects E I K levels Sex jects E I K 
1 2.0 0.0 2.0 2 M 1 0.0 0.0 0.0 
2 0.0 0.0 2.0 2 0.0 0.0 0.0 
3 0.0 0.0 0.0 3 8.0 7.5 9.0 
4 0.0 0.0 0.0 4 4.0 0.0 0.0 
5 4.0 0.0 0.0 5 12.0 6.0 0.0 
6 2.0 0.0 0.0 6 0.0 2.0 0.0 
7 0.0 0.0 0.0 7 0.0 0.0 0.0 
8 4.0 4.0 2.0 8 0.0 0.0 0.0 
9 0.0 0.0 0.0 9 0.0 0.0 0.0 
10 0.0 0.0 0.0 10 4.0 0.0 0.0 
11 4.0 4.0 0.0 11 0.0 0.0 0.0 
12 0.0 0.0 0.0 12 0.0 0.0 0.0 
13 2.0 2.0 0.0 13 0.0 0.0 0.0 
14 0.0 0.0 0.0 14 0.0 0.0 0.0 
15 0.0 0.0 0.0 15 0.0 0.0 0.0 
16 0.0 0.0 0.0 16 0.0 0.0 0.0 
17 0.0 0.0 4.0 17 0.0 0.0 0.0 
18 2.0 0.0 0.0 18 0.0 0.0 0.0 
1 0.0 0.0 2.0 2 F 1 0.0 0.0 0.0 
2 8.0 6.0 6.0 2 10.5 0.0 2.0 
3 12.0 4.5 0.0 3 0.0 0.0 0.0 
4 0.0 0.0 0.0 4 11.5 9.5 0.0 
5 0.0 0.0 0.0 5 0.0 0.0 0.0 
6 0.0 0.0 0.0 6 0.0 0.0 0.0 
7 0.0 0.0 0.0 7 0.0 0.0 0.0 
8 2.0 0.0 0.0 8 0.0 0.0 0.0 
9 8.0 6.0 4.0 9 10.5 9.5 9.0 
10 2.0 0.0 0.0 10 0.0 0.0 2.0 
11 0.0 0.0 0.0 11 8.0 9.0 2.0 
12 0.0 0.0 0.0 12 4.0 0.0 0.0 
13 4.5 0.0 2.0 13 0.0 2.0 0.0 
14 0.0 0.0 0.0 14 0.0 0.0 2.0 
15 0.0 4.0 2.0 15 9.5 4.0 0.0 
16 4.0 3.0 2.0 16 0.0 0.0 2.0 
17 0.0 0.0 2.0 17 0.0 0.0 0.0 
18 9.0 0.0 2.0 18 0.0 5.0 2.0 
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Table 16. (Continued) 
Age lub-
jects 
Conservation 
approaches Age 
levels 
Sub-
Sex jects 
Conservation 
approaches 
E I K E I K 
1 12.0 0.0 0.0 4 M 1 2.5 4.0 0.0 
2 5.5 5.5 2.0 2 9.0 . 9.0 2.0 
3 11.0 11.0 8.0 3 4.0 2.0 0.0 
4 6.0 9.0 0.0 4 10.0 9.0 0.0 
5 0.0 0.0 0.0 5 7.0 6.0 6.0 
6 12.0 12.0 4.0 6 11.5 11.0 0.0 
7 0.0 0.0 2.0 7 6.0 0.0 2.0 
8 0.0 3.5 4.0 8 2.5 0.0 0.0 
9 4.0 8.5 0.0 9 8.0 12.0 4.0 
10 3.0 0.0 2.0 10 4.0 6.0 2.0 
11 0.0 0.0 0.0 11 9.0 9.0 0.0 
12 10.0 10.5 0.0 12 0.0 0.0 0.0 
13 0.0 0.0 0.0 13 5.0 3.0 0.0 
14 11.0 11.5 2.0 14 0.0 0.0 2.0 
15 0.0 0.0 0.0 15 12.0 11.5 4.0 
16 0.0 0.0 0.0 16 11.5 8.0 0.0 
17 0.0 3.5 0.0 17 5.0 0.0 0.0 
18 0.0 0.0 0.0 18 5.5 3.5 2.0 
1 0.0 0.0 0.0 4 F 1 6.5 4.0 3.0 
2 0.0 0.0 0.0 2 9.0 9.0 2.0 
3 4.0 0.0 0.0 3 0.0 0.0 2.0 
4 3.0 3.0 0.0 4 12.0 11.0 12.0 
5 12.0 12.0 0.0 5 0.0 0.0 0.0 
6 12.0 12.0 0.0 6 3.0 4.0 0.0 
7 8.0 8.0 2.0 7 12.0 12.0 0.0 
8 0.0 0.0 0.0 8 12.0 9.0 2.0 
9 0.0 0.0 0.0 9 4.0 6.5 0.0 
10 0.0 3.5 0.0 10 10.0 12.0 0.0 
11 4.0 0.0 2.0 11 9.0 10.0 12.0 
12 8.0 8.0 0.0 12 0.0 0.0 0.0 
13 8.0 8.0 0.0 13 11.5 8.0 2.0 
14 7.0 8.0 2.0 14 11.5 10.5 0.0 
15 0.0 0.0 0.0 15 2.5 4.0 2.0 
16 5.0 3.0 2.0 16 0.0 0.0 4.0 
17 0.0 0.0 2.0 17 0.0 0.0 0.0 
18 0.0 0.0 0.0 18 6.0 6.0 2.0 
M 
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Table 16. (Continued) 
Conservation Conservation 
Age Sub- approaches Age Sub- approaches 
levels Sex jects E I K levels Sex jects E I K 
1 6.0 8.0 0.0 6 M 1 12.0 11.0 12.0 
2 4.0 3.0 2.0 2 0.0 0.0 0.0 
3 3.0 3.0 2.0 3 9.0 12.0 2.5 
4 10.0 9.0 0.0 4 12.0 12.0 0.0 
5 12.0 12.0 11.5 5 11.0 9.0 0.0 
6 10.5 11.0 0.0 6 12.0 12.0 0.0 
7 8.5 10.0 0.0 7 7.0 6.0 0.0 
8 3.0 3.0 2.0 8 12.0 12.0 12.0 
9 10.5 9.0 10.5 9 0.0 0.0 0.0 
10 11.0 10.5 11.5 10 12.0 11.0 2.0 
11 10.0 11.5 0.0 11 0.0 0.0 2.0 
12 9.0 9.0 0.0 12 12.0 12.0 2.0 
13 12.0 8.0 0.0 13 0.0 2.5 2.0 
14 12.0 0.0 2.0 14 12.0 11.0 4.0 
15 12.0 12.0 12.0 15 10.0 9.0 2.0 
16 10.0 9.0 0.0 16 0.0 2.0 2.0 
17 6.0 11.0 0.0 17 12.0 12.0 2.0 
18 9.5 7.0 2.0 18 0.0 0.0 0.0 
1 0.0 0.0 2.0 6 F 1 12.0 11.0 2.0 
2 11.0 11.0 0.0 2 12.0 12.0 12.0 
3 12.0 12.0 12.0 3 9.0 4.0 2.0 
4 9.0 10.0 2.0 4 8.0 12.0 0.0 
5 11.0 9.0 0.0 5 7.5 10.0 0.0 
6 11.5 12.0 11.5 6 2.0 0.0 4.0 
7 12.0 12.0 0.0 7 6.0 9.0 0.0 
8 6.0 7.0 0.0 8 11.0 12.0 0.0 
9 0.0 0.0 0.0 9 3.5 8.0 0.0 
10 5.0 10.0 2.0 10 11.0 9.0 6.0 
11 9.5 12.0 0.0 11 11.0 10.0 2.0 
12 11.0 9.0 2.0 12 12.0 11.5 12.0 
13 12.0 12.0 0.0 13 10.0 10.0 2.0 
14 7.0 3.0 2.0 14 8.0 8.0 0.0 
15 0.0 0.0 2.0 15 4.0 8.0 2.0 
16 12.0 12.0 2.0 16 11.0 7.0 4.0 
17 12.0 8.0 2.0 17 4.0 4.0 4.0 
18 12.0 10.0 4.0 18 12.0 12.0 2.0 
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Table 16. (Continued) 
Conservation Conservation 
Age Sub- approaches Age Sub- approaches 
levels Sex jects E I K levels Sex jects EI K 
1 12.0 8.0 10.0 
2 12.0 11.5 12.0 
3 12.0 12.0 2.0 
4 12.0 12.0 12.0 
5 4.0 8.0 0.0 
6 10.0 10.0 0.0 
7 12.0 11.0 11.0 
8 3.0 3.0 12.0 
9 10.0 11.0 8.0 
10 4.0 4.5 2.0 
11 9.0 9.5 2.0 
12 4.0 4.0 4.0 
13 11.0 11.0 12.0 
14 11.5 12.0 12.0 
15 11.0 12.0 2.0 
16 11.5 12.0 2.0 
17 12.0 12.0 2.0 
18 10.0 11.0 12.0 
1 3.5 3.0 4.0 
2 3.0 3.5 0.0 
3 12.0 12.0 2.0 
4 11.5 12.0 0.0 
5 8.0 8.0 2.0 
6 11.0 9.0 0.0 
7 12.0 12.0 0.0 
8 12.0 12.0 0.0 
9 9.0 9.0 0.0 
10 12.0 8.0 2.0 
11 12.0 12.0 2.0 
12 0.0 3.0 2.0 
13 4.0 4.0 0.0 
14 11.0 12.0 10.0 
15 4.0 2.5 0.0 
16 7.5 11.0 4.0 
17 11.0 8.0 2.0 
18 11.5 11.0 10.5 
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Table 17. Mean score and standard deviation of approach total scores at 
seven successive age levels (n - 252) 
Conservation approaches 
Equivalence Identity Kinesthetic 
Age Standard Standard Standard 
level Mean deviation Mean deviation Mean deviation 
1 1.93 2.98 .93 1.87 .89 1.47 
2 2.28 4.06 1.51 3.24 .83 2.14 
3 4.04 4.56 3.90 4.60 .94 1.69 
4 6.15 4.31 5.56 4.40 1.86 2.93 
5 8.67 3.79 8.19 3.97 2.75 4.11 
6 7.97 4.55 8.08 4.28 2.74 3.62 
7 9.06 3.62 9.07 3.36 4.26 4.36 
Table 18. Total scores received by subjects at seven age levels in three conservation approaches 
with six orders of presentation. (Total of three trials per approach) 
Age Sub- Conservation approaches Age Sub- Conservation approaches 
Orders levels jects E I K Orders levels jects E I K 
1 2.0 0.0 2.0 1 5 1 6.0 8.0 0.0 
2 0.0 0.0 2.0 2 4.0 3.0 2.0 
3 0.0 0.0 0.0 3 3.0 3.0 2.0 
4 0.0 0.0 2.0 4 0.0 0.0 2.0 
5 8.0 6.0 6.0 5 11.0 11.0 0.0 
6 12.0 4.5 0.0 6 12.0 12.0 12.0 
1 0.0 0.0 0.0 1 6 1 12.0 11.0 12.0 
2 0.0 0.0 0.0 2 0.0 0.0 0.0 
3 8.0 7.5 9.0 3 9.0 12.0 2.5 
4 0.0 0.0 0.0 4 12.0 11.0 2.0 
5 2.5 0.0 2.0 5 12.0 12.0 12.0 
6 0.0 0.0 0.0 6 9.0 4.0 2.0 
1 0.0 3.5 0.0 1 7 1 12.0 8.0 10.0 
2 0.0 0.0 0.0 2 12.0 11.5 12.0 
3 12.0 0.0 0.0 3 12.0 12.0 2.0 
4 0.0 0.0 0.0 4 3.5 3.0 4.0 
5 0.0 0.0 0.0 5 3.0 3.5 0.0 
6 4.0 0.0 0.0 6 12.0 12.0 2.0 
1 2.5 4.0 0.0 2 1 1 0.0 0.0 0.0 
2 9.0 9.0 2.0 2 4.0 0.0 0.0 
3 4.0 2.0 0.0 3 2.0 0.0 0.0 
4 6.5 4.0 3.0 4 0.0 0.0 0.0 
5 9.0 9.0 2.0 5 0.0 0.0 0.0 
6 0.0 0.0 2.0 6 0.0 0.0 0.0 
Table 18. (Continued) 
Age Sub- Conservation approaches 
Orders levels jects E I K 
1 4.0 0.0 0.0 
2 12.0 6.0 0.0 
3 0.0 2.0 0.0 
4 11.5 9.5 0.0 
5 0.0 0.0 0.0 
6 0.0 0.0 0.0 
1 5.5 5.5 2.0 
2 11.0 11.0 8.0 
3 6.0 9.0 0.0 
4 3.0 3.0 0.0 
5 12.0 12.0 0.0 
6 12.0 12.0 0.0 
1 10.0 9.0 0.0 
2 7.0 6.0 6.0 
3 11.5 11.0 0.0 
4 12.0 11.0 12.0 
5 0.0 0.0 0.0 
6 3.0 4.0 0.0 
1 10.0 9.0 0.0 
2 12.0 12.0 11.5 
3 10.5 11.0 0.0 
4 9.0 10.0 2.0 
5 11.0 9.0 0.0 
6 11.5 12.0 11.5 
Age Sub- Conservation approaches 
Orders levels jects E I K 
1 12.0 12.0 0.0 
2 11.0 9.0 0.0 
3 12.0 12.0 0.0 
4 8.0 12.0 0.0 
5 7.5 10.0 0.0 
6 2.0 0.0 4.0 
1 12.0 12.0 12.0 
2 4.0 8.0 0.0 
3 10.0 10.0 0.0 
4 11.5 12.0 0.0 
5 8.0 8.0 2.0 
6 11.0 9.0 0.0 
1 0.0 0.0 0.0 
2 4.0 4.0 2.0 
3 0.0 0.0 0.0 
4 0.0 0.0 0.0 
5 2.0 0.0 0.0 
6 8.0 6.0 4.0 
1 0.0 0.0 0.0 
2 0.0 0.0 0.0 
3 0.0 0.0 0.0 
4 0.0 0.0 0.0 
5 0.0 0.0 0.0 
6 10.5 9.5 9.0 
Table 18. (Continued) 
Age Sub- Conservation approaches 
Orders levels jects E I K 
1 0.0 0.0 0.0 
2 12.0 12.0 4.0 
3 0.0 0.0 2.0 
4 8.0 8.0 2.0 
5 0.0 0.0 0.0 
6 0.0 0.0 0.0 
1 6.0 0.0 2.0 
2 2.5 0.0 0.0 
3 8.0 12.0 4.0 
4 12.0 12.0 0.0 
5 0.0 0.0 0.0 
6 12.0 . 9.0 2.0 
1 8.5 10.0 0.0 
2 3.0 3.0 2.0 
3 10.5 9.0 10.5 
4 12.0 12.0 0.0 
5 6.0 7.0 0.0 
6 0.0 0.0 0.0 
1 7.0 6.0 0.0 
2 12.0 12.0 12.0 
3 0.0 0.0 0.0 
4 6.0 9.0 0.0 
5 11.0 12.0 0.0 
6 3.5 8.0 0.0 
Age Sub- Conservation approaches 
Orders levels jects E 1 K 
1 12.0 11.0 11.0 
2 3.0 3.0 12.0 
3 10.0 11.0 8.0 
4 12.0 12.0 0.0 
5 12.0 12.0 0.0 
6 9.0 9.0 0.0 
1 0.0 0.0 0.0 
2 4.0 4.0 0.0 
3 0.0 0.0 0.0 
4 2.0 0.0 0.0 
5 0.0 0.0 0.0 
6 0.0 0.0 0.0 
1 0.0 0.0 2.0 
2 8.0 9.0 2.0 
3 4.0 0.0 0.0 
4 4.0 0.0 0.0 
5 0.0 0.0 0.0 
6 0.0 0.0 0.0 
1 0.0 3.5 4.0 
2 4.0 8.5 0.0 
3 3.0 0.0 2.0 
4 0.0 3.5 0.0 
5 4.0 0.0 2.0 
6 8.0 8.0 0.0 
Table 18. (Continued) 
Age Sub- Conservation approaches 
Orders levels jects E I K 
1 4.0 6.0 2.0 
2 9.0 9.0 0.0 
3 0.0 0.0 0.0 
4 4.0 6.5 0.0 
5 10.0 12.0 0.0 
6 9.0 10.0 12.0 
1 5.0 10.0 2.0 
2 9.5 12.0 0.0 
3 11.0 9.0 2.0 
4 11.0 10.5 11.5 
5 10.0 11.5 0.0 
6 9.0 9.0 0.0 
1 11.0 9.0 6.0 
2 11.0 10.0 2.0 
3 12.0 11.5 12.0 
4 12.0 11.0 2.0 
5 0.0 0.0 2.0 
6 12.0 12.0 2.0 
1 12.0 8.0 2.0 
2 12.0 12.0 2.0 
3 0.0 3.0 2.0 
4 4,0 4.5 2.0 
5 9.0 9.5 2.0 
6 4.0 4.0 4.0 
Age Sub- Conservation approaches 
Orders levels jects E 1 K 
1 2.0 2.0 
2 0.0 0.0 
3 0.0 0.0 
4 4.5 0.0 
5 0.0 0.0 
6 0.0 4.0 
1 0.0 2.0 
2 0.0 0.0 
3 9.5 4.0 
4 0.0 0.0 
5 0.0 0.0 
6 0.0 0.0 
1 0.0 0.0 
2 10.0 10.5 
3 0.0 0.0 
4 8.0 8.0 
5 7.0 8.0 
6 0.0 0.0 
1 5.0 3.0 
2 0.0 0.0 
3 12.0 11.5 
4 0.0 0.0 
5 11.5 8.0 
6 11.5 10.5 
0.0 
0.0 
0.0 
2.0 
0.0 
2.0 
0.0 
2.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.0 
0.0 
0.0 
2.0 
4.0 
0.0 
2.0 
0.0  
Table 18. (Continued) 
Age Sub- Conservation approaches 
Orders levels Jects E I K 
1 12.0 12.0 0.0 
2 7.0 3.0 2.0 
3 0.0 0.0 2.0 
4 12.0 8.0 0.0 
5 12.0 0.0 2.0 
6 12.0 12.0 12.0 
1 10.0 10.0 2.0 
2 8.0 8.0 0.0 
3 4.0 8.0 2.0 
4 0.0 2.5 2.0 
5 12.0 11.0 4.0 
6 10.0 9.0 2.0 
1 4.0 4.0 0.0 
2 11.0 12.0 10.0 
3 4.0 2.5 0.0 
4 11.0 11.0 12.0 
5 11.5 12.0 12.0 
6 11.0 12.0 2.0 
1 0.0 0.0 0.0 
2 0.0 0.0 4.0 
3 2.0 0.0 0.0 
4 4.0 3.0 2.0 
5 0.0 0.0 2.0 
6 9.0 0.0 2.0 
Age Sub- Conservation approaches 
Orders levels jects E I K 
1 0.0 0.0 2.0 
2 0.0 0.0 0.0 
3 0.0 5.0 2.0 
4 0.0 0.0 0.0 
5 0.0 0.0 0.0 
6 0.0 0.0 0.0 
1 11.0 11.5 2.0 
2 0.0 0.0 0.0 
3 0.0 0.0 0.0 
4 5.0 3.0 2.0 
5 0.0 0.0 2.0 
6 0.0 0.0 0.0 
1 11.5 8.0 0.0 
2 5.0 0.0 0.0 
3 5.5 3.5 2.0 
4 2.5 4.0 2.0 
5 0.0 0.0 4.0 
6 6.0 6.0 2.0 
1 12.0 12.0 2.0 
2 12.0 8.0 2.0 
3 12.0 10.0 4.0 
4 10.0 9.0 0.0 
5 6.0 11.0 0.0 
6 9.5 7.0 2.0 
Table 18. (Continued) 
Age • Sub- Conservation approaches Age Sub- Conservation approaches 
Orders levels jects EI K Orders levels jects E IK 
1 11.0 7.0 4.0 
2 4.0 4.0 4.0 
3 12.0 12.0 2.0 
4 0.0 2.0 2.0 
5 12.0 12.0 2.0 
6 0.0 0.0 0.0 
1 7.5 11.0 4.0 
2 . 11.0 8.0 2.0 
3 11.5 11.0 10.5 
4 11.5 12.0 2.0 
5 12.0 12.0 2.0 
6 10.0 11.0 12.0 
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Table 19. Mean score and standard deviation of approach total scores with 
seven orders of presentation (n = 252) 
Conservation approaches 
Equivalence Identity Kinesthetic 
Standard Standard Standard 
Order Mean deviation Mean deviation Mean deviation 
1 5.52 4.84 4.44 4.67 2.64 3.79 
2 7.13 4.67 6.86 4.78 1.69 3.71 
3 5.30 4.87 5.20 5.07 2.05 3.69 
4 5.51 4.56 5.64 4.44 1.94 3.10 
5 5.54 5.06 4.94 5.64 1.95 3.35 
6 5.37 5.02 4.83 4.80 2.06 2.48 
